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Abstract 
Aboriginal and Torres Strait Islander (hereafter ‘Indigenous’) cultures are among the longest-
surviving in the world. There is a significant gap between the health of Indigenous and non-
Indigenous Australians, stemming from Australia's history of colonisation. High Body Mass 
Index (BMI) is a leading contributor to this health gap; Indigenous Australians aged 15 years 
and over are 20% more likely to be overweight and 60% more likely to be obese than non-
Indigenous Australians. Limited cross-sectional data indicate an elevated prevalence of 
overweight and obesity among Indigenous, versus non-Indigenous, Australian children. 
Despite the high burden, there is no evidence specific to Indigenous Australians on 
trajectories of BMI across childhood, or on the relation of key factors to the development of 
overweight and obesity.  
 
This thesis provides the first evidence on BMI trajectories and associated factors in 
Indigenous Australian children, using data from up to 1,759 children aged 0-10 years 
participating in the national Longitudinal Study of Indigenous Children. The majority of 
children were in the normal BMI range across waves of the study; the prevalence of 
overweight/obesity increased from 12.1% to 41.9% of children aged around 3 and 9 years, 
respectively. There was a rapid onset of overweight/obesity in the sample: 31.9% of children 
who had a normal BMI at age 3-6 years had become overweight or obese three years later. 
 
Children born large-for-gestational age (versus appropriate-for-gestational age) and exposed 
to smoke in utero (versus not exposed) had significantly higher BMI at age 3-8 years. Female 
(versus male) and Torres Strait Islander (versus Aboriginal) children increased in BMI at a 
faster rate. We observed cross-sectional and longitudinal evidence of lower childhood BMI 
in disadvantaged areas. Findings were consistent with a protective effect of healthier diets 
(low consumption of sugar-sweetened beverages and high-fat foods) on children’s BMI 
trajectories. 
 
This thesis provides the first detailed analysis of the relationship between diet – a key risk 
factor for high BMI – and sociocultural and environmental factors in the Indigenous 
Australian context. Financial security, high parental education, quality housing, and 
community cohesion were associated with improved child nutrition (reduced odds of 
xi 
 
consuming soft drink; reduced likelihood of facing barriers to accessing fruit and vegetables). 
This work confirms the pervasiveness of issues surrounding food availability, quality, and 
affordability in remote/outer regional settings, and identifies that disadvantaged Indigenous 
families in urban/inner regional settings also face these barriers to a healthy diet. 
 
Efforts are critically required to reduce the prevalence of overweight and obesity among 
Indigenous Australian children in the first 3 years of life, and to slow the rapid onset of 
overweight/obesity from age 3-9 years. Improving maternal risk profiles during pregnancy 
and improving nutrition in the first decade of life are likely to promote healthy BMI 
trajectories. However, improving nutrition will require both addressing the underlying 
determinants of nutrition and improving the food environment in urban, regional, and 
remote settings. 
 
Throughout the course of this project, I have identified, developed, and applied methods for 
conducting meaningful large-scale Indigenous health research, and have demonstrated their 
suitability for broader adoption.  
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Thesis structure 
This thesis is completed by compilation, and comprises seven published papers and reports, 
which each constitute a chapter. These are included in published format. 
 
The introductory chapter describes the context of the contemporary health and wellbeing of 
Indigenous Australians, focusing on weight status and nutrition. It then provides background 
on obesity and its health impacts, and describes the current state of evidence on the 
prevalence of and characteristics associated with overweight and obesity in this population. 
It identifies gaps in the evidence, and outlines the aims of this thesis. 
 
The second chapter introduces key ethical guidelines for the conduct of Indigenous health 
research, and outlines the ethical approvals governing the research conducted for this thesis. 
 
Chapters 3 and 4 (Papers 1 and 2) describe the overarching methods that apply to the thesis. 
Paper 1 describes the study design, setting, and population of the data resource used in the 
thesis, the Longitudinal Study of Indigenous Children (LSIC). Paper 2 describes the height, 
weight, and BMI data used in the thesis, and methods employed to improve their accuracy.  
 
Chapters 5, 6, and 7 (Papers 3, 4, and 5) describe the distribution and trajectories of BMI in 
LSIC, and their relation to key factors. These papers address the second and third aims of this 
thesis: to provide evidence on trajectories of BMI specific to Indigenous Australians; and, to 
quantify factors associated with Indigenous children’s BMI. Paper 3 describes the distribution 
of BMI in the first four waves of LSIC, and the relationship between BMI and key factors 
including age and remoteness. Paper 4 explores the relationship between predisposing 
factors and BMI, focusing on birth weight and maternal factors. Paper 5 quantifies BMI 
trajectories across the early childhood years using a growth curve modelling approach, and 
examines how key risk factors, including indicators of energy intake and expenditure, relate 
to changes in children’s BMI over time.  
 
Chapters 8 and 9 (Papers 6 and 7) address the fourth aim of the thesis, to understand how 
aspects of diet relate to sociocultural and environmental factors. These final two papers 
describe how indicators of dietary intake relate to social, cultural, and environmental factors. 
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Understanding how risk factors for obesity are shaped by the broader context provides 
insight into how these risk factors might be modified. 
 
The discussion chapter describes, and puts in context, the key findings from this thesis. It 
addresses each aim in turn, beginning with the first aim of this PhD, which was to identify, 
develop, and apply methods for conducting meaningful large-scale Indigenous health 
research. It then discusses implications for program and policy development to promote 
healthy BMI trajectories among Indigenous Australian children. 
 
A brief conclusion summarises the key learnings from this thesis. 
 
Supplementary information for each chapter, if applicable, is provided in the Appendices, 
along with a summary of research outputs related to this thesis.  
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 CHAPTER 1. Introduction 
1.1. Context 
Aboriginal and Torres Strait Islander cultures are among the longest-surviving in the 
world.1 The First Australians, Aboriginal and Torres Strait Islander people have been 
living in Australia for at least 40,000 years. Connection to traditional land, or country, is 
a central element of Aboriginal and Torres Strait Islander culture, and contributes to a 
sense of identity and wellbeing.2-5 Indigenous (referring to both Aboriginal and Torres 
Strait Islander) perspectives of health are holistic, considering physical health 
inextricably linked to the social and emotional, spiritual, and cultural wellbeing of 
individuals and their community.6  
 
The traditional diet of Aboriginal and Torres Strait Islander populations was well-
balanced, with a high nutrient density, but a relatively low energy density.7,8 Meat was 
a large component of the traditional diet,9 as well as fish and seafood for communities 
near water.10 Most of the meat consumed was very lean, with a low fat content 
compared to the meat of contemporary domesticated animals.7,8,11 Plants were 
important complements to the meat-oriented diet; the traditional uncultivated fruits 
and vegetables consumed were high in fibre, high in protein, and low in kilojoules.12 
Most foods were available only seasonally, and their acquisition required substantial 
effort and physical activity.12 The combination of this well-balanced diet and high levels 
of physical activity is understood to have promoted the physical health of the 
population, resulting in low rates of obesity and other chronic diseases.13,14  
 
At the time of the British colonists’ arrival in 1788, an estimated 300,000 to 1,000,000 
Aboriginal and Torres Strait Islander people were living in Australia, speaking nearly 300 
distinct languages, and representing a vast diversity of cultures.2,15 Today, around 
1
669,900 Indigenous people live in Australia, including 606,200 people who identify as 
Aboriginal, 38,100 who identify as Torres Strait Islander, and 25,600 who identify as both 
Aboriginal and Torres Strait Islander.16 The majority (around 57%) of Aboriginal and 
Torres Strait Islander Australians live in major cities or inner regional areas; around 21% 
live in remote or very remote settings. In contrast, 90% of the non-Indigenous 
population lives in major cities and inner regional areas, with only 2% living in remote or 
very remote settings.16 
 
The colonisation of Australia resulted in the massacre, marginalisation, and forced 
displacement of Indigenous Australians.2,17 Individuals were forced to move from their 
traditional lands to reserves and missions, and the practice of removing of Indigenous 
children from their families and placing them into ‘European’ households continued 
until the 1970’s.18 These practices: 
… resulted in the loss of access to traditional food and medicines, of cultural 
connection with country and of personal and group identity – with psychosocial 
impacts on Aboriginal health. Such impacts included the failure to meet cultural 
responsibilities on country, the breakdown of community customary governance 
structures, the loss of personal and group identity, and a loss of control over 
living as individuals and as members of a country.19 pp 366 
The history of displacement and dispossession disrupted Indigenous Australians’ 
traditional life.2 They were unable to maintain their traditional lifestyle, resulting in 
drastic changes to patterns of diet and physical activity. Many Indigenous people were 
forced to move to lands to which they did not traditionally belong, and as a result, they 
had no right to hunt or gather bush tucker (traditional foods, native to Australia) where 
they lived.20 Those placed in settlements were provided rations of high-fat meat, sugar, 
tea, and flour, leading to a diet high in fat and sugar.9  As people became habituated to 
Western food systems, there was less utility in passing traditional knowledge about food 
acquisition, preparation, and consumption to the next generation.21 This has 
contributed to a loss of culture for many communities.21 
 
In remote communities, the local store and takeaway shop often constitute the only 
immediate sources of food, providing around 95% of the community’s food 
consumption.7,22 These stores offer a limited selection of foods, particularly fresh 
produce, given the required transportation and associated costs.20 Where fresh fruit and 
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vegetables are available for purchase, they are generally poor quality and high cost,20 23 
24 25-27 and the availability of unhealthy (often cheaper) alternatives poses an additional 
barrier to the consumption of fruit and vegetables.28 Remote takeaway stores serve a 
limited menu of ready-to-eat items, often including sugar-sweetened beverages, 
sweets, pies, and deep-fried foods.20 Although the majority of Aboriginal and Torres 
Strait Islander people live in urban settings today, there is limited contemporary 
evidence on nutrition status in these settings.26,29-32 
 
With modernisation and urbanisation, energy-dense foods have become ubiquitous and 
easily accessible from food outlets; this has resulted in both decreased diet quality and 
decreased physical activity compared to the traditional hunter-gatherer 
lifestyle.12,14,33,34 The modern Indigenous diet is typically high in refined carbohydrates 
and saturated fats, marked by high consumption of sugar-sweetened beverages, meat 
from domesticated animals, and other discretionary foods, and low consumption of 
fresh fruit and vegetables.10,12,35 Due to the history of forced displacement from 
traditional land and resulting restricted ability to hunt and gather traditional foods, it is 
estimated that only 3-6% of contemporary daily food intake is composed of bush 
foods.20 This low consumption of bush foods, however, contrasts the strong reported 
preference for these foods.20   
1.2. Overweight and obesity 
Australia’s colonial legacy has contributed to the substantial gap between the health of 
the Indigenous and non-Indigenous population, including through its lasting impact on 
diet, physical inactivity, smoking, and the social and emotional wellbeing of individuals 
and communities.2,10,13,36,37 Today, on average, an Aboriginal or Torres Strait Islander 
Australian is expected to have a life ten years shorter than his or her non-Indigenous 
counterpart.38-40 
 
Overweight and obesity, defined as ‘abnormal or excessive fat accumulation that may 
impair health’,41 is an increasing problem globally.42 It accounts for an estimated 8% of 
Australia’s total burden of disease,43 including through its association with conditions 
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including cardiovascular and circulatory diseases, diabetes, and some cancers.44 Obesity 
is a leading contributor to the gap in health between Indigenous and non-Indigenous 
Australians, second only to tobacco use, accounting for an estimated 14% of the health 
gap.45 Other leading risk factors, such as physical activity, cholesterol, and diet, are also 
linked to obesity. The healthy development of children, including weight status and 
nutrition, has been identified as a research priority by Aboriginal and Torres Strait 
Islander community members.46,47 
 
Childhood overweight and obesity can have severe health consequences, impacting 
nearly all parts of the body.48-54 In the short-term, obesity can lead to decreased quality 
of life, including through decreased self-esteem and negative body image.49,50 It has 
been associated with obstructive sleep apnea, asthma, and exercise intolerance. It can 
alter maturation and bone development, and has been associated with fractures, 
musculoskeletal discomfort, and misalignment of limbs. It can also impact on the 
cardiovascular, endocrine, and gastrointestinal system, with complications including 
hypertension, insulin resistance, and fatty liver disease.49,50 As well as the potential 
detrimental short-term impacts, childhood obesity also has long-term implications; it is 
associated with an increased risk of obesity later in life, which has multiple comorbidities 
including cardiovascular disease, some types of cancer, diabetes mellitus, and 
arthritis.51-57 Therefore, preventing obesity in childhood may be important for long-term 
cardiovascular disease prevention.55 
1.3. Framework 
Obesity is a complex condition, influenced by an array of interacting individual, family, 
community, and environmental factors throughout the life course.49-54 For simplicity, I 
will categorise these as predisposing factors, proximal factors, and contextual factors, 
as follows.58 Predisposing factors, such as genes, epigenetics, birthweight, and 
intrauterine exposures can influence an individual’s risk of developing overweight and 
obesity later in life. Throughout the life course, weight status is influenced proximally by 
the balance of energy intake (e.g. diet) and expenditure (e.g. physical activity and 
4
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inactivity).41,50 These predisposing and proximal factors are shaped by the sociocultural 
and environmental context.18,41,59 A conceptual model is provided in Figure 1.1 below. 
 
Figure 1.1. Conceptual model applied throughout this thesis 
 
Informed by Reading and Wien,58 Bronfenbrenner and Morris’ social ecological model,60 the conceptual 
framework applied within the Pro Children project,61,62 and a socioecological framework developed by 
Willows et al to understand weight-related issues in Aboriginal children in Canada.63 
 
This thesis explores overweight and obesity from a holistic, life-course perspective, 
guided by the Canadian ‘Integrated Life Course and Social Determinants Model of 
Aboriginal Health’ posited by Reading and Wien,58 consistent with socioecological 
models of obesity.63-65 This framework guides researchers to examine the interacting 
layers of influences on wellbeing across the life course, and to examine how 
sociocultural contexts present barriers and opportunities to health. It ‘permits 
researchers to explore the pathways that influence health and the points at which 
interventions will be more effective’.58 p. 25 This framework was adapted for use in this 
project, in order to fit with the data available, and with my categorisation of risk factors 
for the development of overweight/obesity (predisposing, proximal, and contextual). 
 
This framework recognises that physical health is interrelated to other domains of 
wellbeing, including spiritual, emotional, and mental. This framework also recognises 
that health can be impacted by influences at all stages of the life course. For example, 
factors influencing mothers’ health during the child’s pregnancy – such as smoking – can 
alter the child’s health trajectory.66,67 After birth, factors can influence a child’s early 
development, with short- and long-term implications for wellbeing; factors can also 
influence health during adolescence or adulthood.58 
As part of the life course approach used in this thesis, I first explore the relationship of 
overweight and obesity to predisposing factors, which take effect before the child is 
born. I then explore the relationship between proximal factors relating to health 
behaviours (i.e. diet, physical activity) and children’s weight status. Next, I examine how 
these factors, focusing on nutrition, are shaped by the broader sociocultural and 
environmental context (i.e. contextual factors). I have adopted this stepwise approach 
because the mechanism by which health behaviours impact weight status are 
established, whereas the mechanisms by which contextual factors influence overweight 
and obesity are less clear. This approach allows us to identify pathways through which 
contextual factors influence overweight and obesity throughout the life course, and to 
identify barriers and opportunities to promote wellbeing. Within analyses, I consider 
how these influences vary between different settings, such as between remote, 
regional, and urban areas, and consider how these influences are shaped by the 
historical and political context, such as colonisation and its lasting impacts including 
racism and social exclusion.58 
1.4. Evidence on the development of overweight obesity among Indigenous 
children 
1.4.1. Measuring overweight and obesity 
BMI is commonly used as a proxy for body fat percentage.41 It is calculated by dividing 
an individual’s weight (in kilograms) by the square of their height (in metres). BMI cut-
off points have been established to demarcate normal weight, overweight, and obesity. 
For adults, these cut-off points are static; overweight is defined as a BMI ≥25 and <30 
kg/m2, and obesity is defined as a BMI ≥30 kg/m2. In contrast, these cut-off points vary 
by age and sex for children as they go through different stages of growth.68,69 Childhood 
BMI is most commonly categorised using the World Health Organisation (WHO) or the 
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International Obesity Task Force (IOTF) cut-off points.70 These approaches use different 
methods to define normal weight, overweight, and obesity among children.  
 
The WHO defines BMI categories using BMI z-scores, which are standardised for age and 
sex based on cross-sectional and longitudinal data from an international sample.70 As 
this reference is intended to represent children’s optimal growth potential, the sample 
was restricted to healthy children. For children ≤5 years of age, overweight is defined as 
a BMI z-score >2 and ≤3, and obesity is defined as a BMI z-score >3. For children between 
5 and 19 years of age, overweight is defined as a BMI z-score >1 and ≤2, and obesity is 
defined as a BMI z-score >2.71-73  
 
The IOTF criteria for defining child overweight and obesity are based on BMI percentiles 
calculated using cross-sectional data from six large, nationally representative surveys. 
The cut-off points for overweight and obesity at each age and sex correspond to the 
established cut-off points to define overweight and obesity in adulthood (25 kg/m2 and 
30 kg/m2). This approach is based on the premise that the health consequences 
associated with overweight and obesity in adults can be tracked back to childhood.74 
 
Both methods of defining childhood overweight and obesity have associated limitations 
and strengths.70,75-77 Although the IOTF cut-off points may be considered less ‘arbitrary’ 
than the WHO cut-off points (as they correspond to the established BMI cut-offs for 
adults74,76), both are based on statistical definitions. The existing evidence on the short- 
and long-term health consequences associated with each level of BMI for children of 
varying ages is insufficient to define BMI cut-off points associated with increased health 
risks.70,74,75 
 
Regardless of the reference used, BMI is currently considered the best method for 
classifying children’s weight status, despite its limitations as an individual-level measure 
of adiposity.73 BMI is a valuable indicator of weight status at the population level,78 and 
its use is pragmatic for large-scale research, or in other settings where more technical 
measures of adiposity (such as measuring percentage body fat through dual-energy X-
ray absorptiometry scans or bioelectrical impedance analysis) are not feasible.72,76,78-85 
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There is also debate about the appropriateness of using an international reference to 
standardise BMI for certain populations,86 such as Aboriginal and Torres Strait Islander 
Australians. However, research suggests that, regardless of ethnicity or country of 
residence (including Indigenous compared to non-Indigenous Australians14), children 
have the potential to achieve similar growth trajectories if they are healthy and have 
adequate nutrition.69 An additional benefit of using a standardised reference is that it 
enables comparison both within and across groups.69 
1.4.2. Evidence on the prevalence of overweight and obesity among Indigenous 
children 
A systematic review published in 2015 identified 21 studies providing evidence on the 
prevalence of and characteristics associated with overweight and obesity among 
Indigenous Australian children.87 The estimated prevalence of combined overweight 
and obesity among children ranged from 11% to 54% (age ranging from 0 to 18 years), 
with overweight ranging from 6% to 25% and obesity from 1% to 22%.87 The authors of 
the systematic review were unable to perform a meta-analysis to estimate the pooled 
prevalence due to heterogeneity between the studies. 
 
The national 2012-2013 Australian Aboriginal and Torres Strait Islander Health Survey 
(AATSIHS) is considered the most credible data source, providing the first contemporary 
national information on the prevalence of overweight and obesity in the Indigenous 
population.88 This study defines overweight and obesity using the IOTF cut-offs.74,89 A 
limitation of this data source is that it did not include children living in small remote 
communities or non-private dwellings, such as caravan parks or hostels. Therefore, 
findings are unlikely to accurately represent these sub-groups, who constitute an 
estimated 5% of the total Aboriginal and Torres Strait Islander population. A further 
limitation of this data source is that only 76.7% of the Aboriginal and Torres Strait 
Islander children who participated in AATSIHS had their height and weight recorded, and 
prevalence estimates are based on this sample only.90 
 
Based on the cross-sectional data from AATSIHS, there is a high prevalence of 
overweight and obesity among Indigenous children, estimated at 29.7% (95% 
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confidence interval: 27.3-32.1%) among children aged 2-14 years. The estimated 
prevalence of overweight and obesity increases with age, from 22.7% (18.3-27.1%) of 
children aged 2-4 years, to 26.9% (23.5-30.3%) of children aged 5-9 years, and 37.4% 
(33.4-41.4%) of children aged 10-14 years.88 This includes an overweight prevalence of 
16.7% (13.2-20.2%), 15.7% (12.9-18.5%), and 25.6% (22.1-29.1%), and an obesity 
prevalence of 6.0% (3.7-8.3%), 11.2% (8.5-13.9%), and 11.8% (9.1-14.5%), at the 
respective ages.  
 
The prevalence of  combined overweight and obesity is significantly higher among 
Indigenous, compared to non-Indigenous, Australians at all age groups starting from age 
10-14 years,88,91 when the prevalence is 37.4% versus 27.1%, respectively. The gap in 
prevalence is around 10% for most older age groups, ranging from 6-19%. Importantly, 
the prevalence of obesity (not combined with overweight) is significantly higher among 
Indigenous versus non-Indigenous Australians aged 5-9 years and older.88 The 
prevalence of obesity is 11.2% among Indigenous children and 7.6% among non-
Indigenous children aged 5-9 years, and the prevalence gap ranges from 7-18% among 
older age groups. Overall, the age-adjusted rate of overweight/obesity is 20% higher, 
and obesity is 60% higher, among Indigenous versus non-Indigenous Australians aged 
15 years and over.88,91 
1.4.3. Evidence on BMI trajectories among Indigenous Australian children 
These cross-sectional data indicate that the gap in obesity prevalence between 
Indigenous and non-Indigenous Australians is likely to appear in childhood; however, 
longitudinal data are required to investigate trajectories of BMI over time and to 
accurately identify critical periods for the development of overweight and obesity. 
Unfortunately, there are limited longitudinal studies of Indigenous children to 
date.31,92,93  Of the 21 studies identified in the systematic review, only two examined 
measurements of children’s BMI at more than one time point.87 Of these two studies, 
neither examined the development of overweight and obesity; both only examined the 
persistence of high BMI among children who were overweight or obese at baseline. 
Therefore, there is no detailed evidence of trajectories of BMI among Indigenous 
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Australian children, and no information on the critical periods for obesity development 
in this population. 
 
The first longitudinal study was a population-based cohort study of risk factors for 
chronic kidney disease.94,95 Indigenous and non-Indigenous children were sampled from 
public schools in New South Wales. The authors examined the ‘persistence’ of obesity 
among children two94 and four95 years after the baseline survey. The prevalence of 
obesity was 7% (n=82/1108) among Indigenous children at baseline, at a mean age of 9 
years. Five per cent (n=41/759) of Indigenous children were obese both at baseline and 
2-year follow-up;94 6% (n=45/807) of Indigenous children were obese both at baseline 
and 4-year follow-up.95 The authors of the systematic review assessed the study as 
having ‘fair’ methodological quality due to limitations including that: the study was not 
representative of the target population; bias was likely to be induced by the recruitment 
method; the reliability of BMI measurement was unclear; and, the authors provided no 
indicator of variance around estimates (i.e. confidence intervals).87 
 
The second longitudinal study was a preliminary exploration of data on BMI from the 
national Longitudinal Study of Indigenous Children (LSIC),83 conducted by the author of 
this thesis. The published analyses were predominantly cross-sectional, but included 
investigation of the persistence of overweight and obesity between two annual surveys. 
The observed tracking of weight status was strong in the sample. Among children who 
were overweight or obese in 2010, 49% (n=28/57) of children aged ≤5 years and 76% 
(n=68/89) of children aged >5 years remained overweight or obese one year later.  
 
Two other localised longitudinal studies, the Aboriginal Birth Cohort study96,97 and the 
Study of Environment on Aboriginal Resilience and Child Health (SEARCH),47 collect data 
on BMI and indicators of chronic disease risk (including birthweight97-100) in samples of 
686 and 1,671 Aboriginal children, respectively. These datasets present a valuable 
resource for understanding the development of chronic disease, but to date, they have 
not been utilised to examine trajectories of BMI during childhood.100  
 
This thesis is based on analysis of data from LSIC, which is funded and managed by the 
Australian Government Department of Social Services. I chose to use this data resource 
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for this project because: the data are publically available for researchers’ use upon 
application to the Department of Social Services; the study is ongoing, with data 
collected annually and four waves of data available at the commencement of my PhD 
candidature; the dataset includes detailed quantitative and qualitative information on 
child, family, and environmental factors; and, I had already developed an ongoing 
relationship with staff from the Department of Social Services, including the Aboriginal 
and Torres Strait Islander interviewers who conduct the study.  
1.5. Factors associated with overweight and obesity in Indigenous Australian 
children 
The number of studies (21) included in the aforementioned systematic review, and the 
power of the included studies, was insufficient to provide strong evidence on 
characteristics associated with overweight and obesity among Indigenous Australian 
children, but enabled identification of some patterns. Four of six studies examining 
variation by sex identified a higher prevalence of overweight/obesity among females 
versus males; of the remaining two studies, one identified a lower prevalence among 
females versus males, and one found no difference. Of the eight studies examining 
difference by age, most were consistent with an increasing prevalence of 
overweight/obesity with increasing age. Three of the four studies examining variation 
by remoteness identified a higher prevalence of overweight/obesity in more urban 
versus more remote settings.87  
 
There were substantial limitations in the methodologies employed in the studies. For 
example, the majority of studies (71%; n=15/21) were not representative of the target 
population, and two-thirds (67%; n=14/21) did not adequately adjust for, or examine, 
differences between sub-groups (i.e. at least two of: age, sex, geographical location, and 
birthweight). Only four of the included studies, including LSIC,83 received a rating of 
‘high’ methodological quality.  
 
Thus, the extent of current knowledge on overweight obesity in this population is that 
the prevalence is around 29.7% for children aged 2-14 years,88 and that overweight and 
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obesity is likely to be more common among females compared to males, in older 
compared to younger children, and among children living in urban compared to remote 
areas.87 This highlights the limitations of the current evidence base on the weight status 
of Indigenous Australian children, indicating the need for further research. 
1.6. What we don’t know 
‘Data gaps compromise our ability to devise appropriate interventions to prevent 
children becoming overweight’.87 p. 5  
 
It is well-established that there is a significant gap in the average life expectancy 
between Indigenous and non-Indigenous Australians,38,39 that obesity is a significant 
contributor to this gap,101 and that the prevalence of overweight and obesity is elevated 
among Indigenous, compared to non-Indigenous, children and adults.91,102 However, the 
current evidence on pathways to a healthy BMI trajectory is sub-optimal; further 
research is required to inform the development of appropriate and effective strategies 
for preventing the development of overweight and obesity among Aboriginal and Torres 
Strait Islander children.87 
 
First, there is a paucity of longitudinal evidence on BMI for this population. Examination 
of prevalence estimates from cross-sectional data suggests that the gap in overweight 
and/or obesity prevalence between Indigenous and non-Indigenous Australians is likely 
to arise in childhood. However, longitudinal analyses, examining changes in BMI within 
individuals over time, are required to identify critical periods for overweight/obesity 
development specific to this population. Knowledge of the age(s) at which children are 
most likely to develop overweight/obesity is required to enable the most efficient 
targeting of prevention efforts.49,50 
 
Second, there is insufficient evidence on the relationship between key factors and BMI 
within the Aboriginal and Torres Strait Islander population. Identification of risk and 
protective factors for overweight/obesity specific to Indigenous children is required to 
inform the development of interventions. Although analysis of data from one point in 
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time (i.e. cross-sectional data) can provide evidence of a relationship between an 
exposure and BMI, it cannot provide any information on the direction of this effect. In 
contrast, longitudinal analyses can provide insight into causality, by quantifying the 
relationship between an exposure and a change in BMI over time. Thus, longitudinal 
analysis is required to identify factors that are related to the development of overweight 
and obesity for Indigenous Australian children.  
 
Third, there is limited detailed evidence on the relationship between 
overweight/obesity risk factors and the broader sociocultural and environmental 
context. Understanding individual risk factors is necessary for the study of disease, but 
focusing on these individual behaviours in isolation ignores the context in which they 
are embedded. Interventions aiming to address individual risk factors are unlikely to be 
successful if they do not take into account the context in which these risk factors occur; 
therefore, ‘A broad understanding of the multiple factors contributing to the problem 
of overweight and obesity in children is necessary to effect change so that community 
and local policies promote health’.49 Detailed evidence on how overweight/obesity risk 
factors are shaped by the broader context is required in order to inform the design of 
programs and policies to promote healthy BMI for Aboriginal and Torres Strait Islander 
children.  
1.7. Aims 
In order to contribute towards filling the identified evidence gaps, the aims of this thesis 
are to: 
 
1. To identify, develop, and apply methods for conducting meaningful large-scale 
Indigenous health research; 
2. To provide evidence on trajectories of BMI specific to Indigenous Australian 
children; 
3. To quantify factors associated with Indigenous children’s BMI; and, 
4. To understand how aspects of diet relate to sociocultural and environmental 
factors. 
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 CHAPTER 2. Ethics 
This chapter introduces key ethical guidelines for the conduct of Indigenous health 
research, and outlines the ethical approvals governing the current program of work. The 
application of these principles within this research project will be described within the 
discussion chapter. 
2.1. Ethical guidelines: key principles 
Since colonisation, Aboriginal and Torres Strait Islander peoples have been exploited, 
marginalised, and denied of value and validity in research.92,103-109 For example, 
Aboriginal and Torres Strait Islander people have historically often been the subject of 
research, rather than participants in the research process. Researchers have often failed 
to acknowledge and value the views and traditional knowledge of Aboriginal and Torres 
Strait Islander people, imposing Western views and constructions of knowledge instead. 
As a result of these experiences, many Indigenous people have a sense of distrust 
towards research, and may be hesitant to participate.92,104-108 
 
Research ethics guidelines were developed in the late 1980’s to protect Indigenous 
people and communities involved in research.110 Guidelines are currently available from 
peak bodies including the National Health and Medical Research Council, the Australian 
Institute of Aboriginal and Torres Strait Islander Studies, and the Aboriginal Health & 
Medical Research Council of New South Wales.111-113 The goal of these guidelines is to 
ensure that research respects the values and principles underlying Aboriginal and Torres 
Strait Islander cultures. The key components of these ethical guidelines relate to rights, 
respect, and recognition; negotiation, consultation, agreement, and mutual 
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understanding; participation, collaboration, and partnership; and, benefits, outcomes, 
and giving back.111-115  
2.1.1 Rights, respect, and recognition 
It is critical to acknowledge the diversity within and between Aboriginal and Torres Strait 
Islander communities, including their different languages, cultures, histories, and 
perspectives. It is important to acknowledge that results from one community cannot 
be generalised to all Aboriginal and Torres Strait Islander people, and that the views of 
individual community members do not represent the views of all members of that 
community. 
 
It is important to value and respect traditional knowledge systems, and to incorporate 
relevant Indigenous knowledge and ‘ways of knowing’ into all stages of research. 
Researchers should accept that these views may vary from their own principles and 
values, but that their incorporation will improve understanding and enhance the cultural 
legitimacy of research.107,115 Further, it is critical to acknowledge the sources of 
information – including traditional knowledge – that have contributed to research and 
generated intellectual property. 
2.1.2. Negotiation, consultation, agreement, and mutual understanding 
Negotiation, consultation, agreement and mutual understanding are critical to the 
conduct of ethical research. Negotiation should occur throughout all phases of the 
project, and it should be a meaningful, two-way process. Researchers must be flexible 
and willing to adopt ways of working, and modify the objectives and scope of the project 
in order that align with the perspectives of Aboriginal and Torres Strait Islander people 
and communities. Research components such as community consultations should not 
be seen as administrative criteria to meet, but should be perceived as essential to 
research.92 These consultation and negotiation processes greatly improve research, and 
the critical importance of genuine partnership needs to be recognised. 
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These consultation processes, as well as all other stages of research, must be conducted 
in culturally appropriate manner, respecting participants’ previous and current 
experiences with research.114-116 This includes observing community values and 
protocols; identifying appropriate individuals, organisations, and communities for 
involvement; and communicating in an appropriate fashion. 
2.1.3. Participation, collaboration, and partnership 
Researchers must be engaged with Aboriginal and Torres Strait Islander individuals and 
communities as equal partners throughout the entire research process, beginning from 
the identification of the research topic, and continuing through to the dissemination of 
findings to community. A successful research project requires open and transparent 
relationships with individuals and communities, that are formed on the basis of trust 
and integrity.114,117-119 
2.1.4. Benefits, outcomes, and giving back 
Research should benefit the Aboriginal and Torres Strait Islander people and 
communities participating in the research, as well others more broadly.116 Research 
findings should be disseminated to participants and community members in a form that 
is accessible and useful, and there should also be demonstrable benefits for the 
community.115 Benefits should include building the capacity of individuals and 
communities, whether through providing employment, progressing research skills, or 
providing other development opportunities of benefit to the community.114 
2.2. Ethical clearance for this project 
This thesis was conducted using data from the Longitudinal Study of Indigenous Children 
(LSIC), which is funded and managed by the Australian Government Department of 
Social Services. The LSIC study is conducted with ethical approval from the Departmental 
Ethics Committee of the Australian Commonwealth Department of Health, and from 
relevant Ethics Committees in each state and territory, including relevant Aboriginal and 
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Torres Strait Islander organisations. The current program of work was undertaken with 
ethical approval from the Australian National University’s Human Research Ethics 
Committee (Protocol No. 2011/510). 
 
As a non-Indigenous researcher, I am committed to becoming ‘more aware of culturally 
safe ways in which to undertake Indigenous research and ensure that the research 
undertaken is appropriate, ethical and useful for participants’.109p. 464 Throughout the 
course of undertaking research using this large-scale, national dataset, I have strived to 
identify, develop, and apply approaches to engaging in ethical, participatory Indigenous 
health research that can contribute to genuine improvement in the wellbeing of 
Aboriginal and Torres Strait Islander families and communities. 
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Abstract
Indigenous Australians experience profound levels of disadvantage in health, living
standards, life expectancy, education and employment, particularly in comparison with
non-Indigenous Australians. Very little information is available about the healthy devel-
opment of Australian Indigenous children; the Longitudinal Study of Indigenous Children
(LSIC) is designed to ﬁll this knowledge gap.
This dataset provides an opportunity to follow the development of up to 1759 Indigenous
children. LSIC conducts annual face-to-face interviews with children (aged 0.5–2 and
3.5–5 years at baseline in 2008) and their caregivers. This represents between 5% and
10% of the total population of Indigenous children in these age groups, including families
of varied socioeconomic and cultural backgrounds. Study topics include: the physical,
social and emotional well-being of children and their caregivers; language; culture; par-
enting; and early childhood education.
LSIC is a shared resource, formed in partnership with communities; its data are readily
accessible through the Australian Government Department of Social Services (see http://
dss.gov.au/lsic for data and access arrangements). As one of very few longitudinal stud-
ies of Indigenous children, and the only national one, LSIC will enable an understanding
of Indigenous children from a wide range of environments and cultures. Findings from
LSIC form part of a growing infrastructure from which to understand Indigenous child
health.
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Why was the cohort set up?
Indigenous Australians maintain one of the oldest living
cultures, dating back more than 50 000 years.1,2 The diver-
sity of cultures is exemplified by the existence of more than
200 distinct Australian languages at the time of European
settlement;3 13% of Indigenous children aged 3 to 14 years
still spoke one of these languages in 2008.4
Indigenous Australians suffer a disproportionate burden
of morbidity and mortality compared with non-Indigenous
Australians. The difference in average life expectancy is
around 10 years.5 Two-thirds of this gap is attributed to
chronic disease, such as cardiovascular disease.5 In 2008,
Australian Commonwealth, State and Territory govern-
ments agreed to work jointly on reducing disparities be-
tween Indigenous and non-Indigenous Australians, setting
targets to ‘close the gap’ and decrease inequity in infant
mortality, reading, writing and numeracy achievement,
educational attainment, employment and life expectancy.
Despite this policy agenda, there have previously been
no national longitudinal resources dedicated to providing
information about the healthy development of Indigenous
children.6–9 This evidence gap can exacerbate the health
gap: without data to better understand the healthy devel-
opment of Indigenous children, it is unclear how well pol-
icy is positioned to meet these targets.10
The Longitudinal Study of Indigenous Children (LSIC),
also known as Footprints in Time, is designed to inform
evidence-based policy to improve the well-being of
Indigenous children and approach these targets.11 The de-
velopment of this study was sparked by recognition of the
limitations of the Indigenous subsample in the larger, na-
tionally representative Longitudinal Study of Australian
Children.12 Funding for the present study was provided by
the Australian Federal Government who support and man-
age LSIC through the Department of Social Services
(DSS).11 It will remain ongoing as long as the sample reten-
tion and funding allow the study to be viable.
The key research questions guiding the study, deter-
mined through community consultation and endorsed by
the LSIC Steering Committee, are:
i. What do Aboriginal and Torres Strait Islander children
need to have the best start in life to grow up strong?
ii. What helps Aboriginal and Torres Strait Islander chil-
dren to stay on track or get them to become healthier,
more positive and strong?
iii. How are Aboriginal and Torres Strait Islander children
raised?
iv. What is the importance of family, extended family
and community in the early years of life and when
growing up?13
Also of interest is: how can services and other types of
support make a difference to the lives of Aboriginal and
Torres Strait Islander children?
Who is in the cohort?
Community engagement and governance
Within Indigenous health, it is critical to conduct research
based on strong community partnerships, given the deep-
rooted links between research, colonialism and exploit-
ation.14 Consultation and negotiation have been integral to
the design of this study, ensuring the genuine participation of
Indigenous people and a sense of local ownership. These
processes are cited as being responsible for the success of
LSIC (see Supplementary Material A for more detail, avail-
able as Supplementary data at IJE online).10 Based on these
community priorities, LSIC was designed as a community-
based survey with both quantitative and qualitative struc-
tured components, focusing on resilience and positive factors.
Ethical approval
The study has received ethical approval from the
Departmental Ethics Committee of the Australian
Key Messages
• LSIC has demonstrated the ability to maintain a high retention rate and community support in a challenging context.
• Annual interviews by Indigenous interviewers provide rich, detailed information including verbatim responses that re-
searchers across the globe can use to explore what helps Indigenous children thrive.
• Many administrative datasets collect information about children and families who are in contact with service pro-
viders; this study also provides information about the children who are not in contact with these services.
• These data show the impact of factors ranging from parental well-being, parental education, housing stability, nega-
tive life events, experiences of racism, remoteness and neighbourhood disadvantage on children’s outcomes includ-
ing behavioural difﬁculties, preschool attendance, English reading scores, body mass index and soft drink
consumption.
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Government Department of Health; this is the study’s
primary Human Research Ethics Committee. Additional
approval at the State, Territory or regional level was ob-
tained from the relevant bodies, in line with the guidelines
of the National Health and Medical Research Council15
and the Australian Institute of Aboriginal and Torres Strait
Islander Studies (see Supplementary Material A for more
detail, available as Supplementary data at IJE online).16
Sampling of participants
The size of Australia and the limited accessibility of some
areas pose recruitment challenges. LSIC’s sampling method
was developed to maximize diversity while respecting com-
munities’ interests. The result was a two-stage sampling
design, beginning with the selection of 11 sites across
the country in remote, regional and urban locations (see
Figure 1), strongly influenced by communities’ interest in
participating.17 Next, within each site, Indigenous children
were recruited to participate using purposive sampling.18
Centrelink and Medicare Australia provided lists of
addresses of families with children in the correct age range
and an Indigenous indicator on their record, and LSIC
Research Administration Officers approached families to
see if they would be interested in the study. Additional chil-
dren were recruited using informal approaches including
word of mouth, local knowledge and study promotion
(using a ‘snowballing’ method).10,13 The aim was to inter-
view 150 families at each site for a total of 1650 children,
representing 5–10% of the total Australian population of
Indigenous children within the designated age range.
Because of the multiple approaches to sampling, it is not
possible to calculate an overall response rate.
The sample size and selection methods reflect prag-
matic, rather than statistical, considerations. Initially, the
targeted sample size had been 4000 children; however, it
was quickly realized that this would not be feasible with
the available financial and time resources, given the com-
plexities unique to Indigenous research.10,19 The clustered
sampling method was required for cost-effectiveness,
to allow community support and involvement and to en-
able the employment of exclusively Indigenous Research
Administration Officers.10
The number of children interviewed at each site devi-
ated slightly from the goal of 150. Within some sites, the
target number exceeded the number of children in the ap-
propriate age range, so fewer children were sampled;
to balance this, sites with a higher population density of
Indigenous children were oversampled.
Neither the selection of sites nor the selection of chil-
dren within each site was random. As is typical of cohort
studies,20 this study is not intended to be representative of
all Aboriginal and Torres Strait Islander children;17 rather,
it intends to provide a picture of life within a range of
environments and communities in which Aboriginal and
Torres Strait Islander children are concentrated.18 Hence,
LSIC is particularly suited to the conduct of internal com-
parisons and longitudinal analyses. Table 1 presents the
distribution of the LSIC sample compared with the esti-
mated population of Australian Indigenous children less
than 5 years of age across basic demographic variables.
Survey methods
Children are the sample units in LSIC, with their informa-
tion collected from multiple informants (see
Supplementary Material B for more information, available
as Supplementary data at IJE online). Each survey involves
a face-to-face interview with a study child and their pri-
mary caregiver. If consent is provided, Indigenous
Research Administration Officers also conduct a face-
to-face or phone interview with a secondary carer, when
available. Additionally, some teachers and childcare work-
ers fill out questionnaires about the study child.
This design was chosen to best reflect the meaning of
‘family’ for Indigenous Australians. The mainstream
Australian idea of the nuclear family does not resonate
with all Indigenous families, many of which are extended,
complex, dynamic and mobile.21 Due to this mobility, the
identity of the primary and secondary carer can change be-
tween waves, but the study child reported upon remains
fixed.
Two age cohorts of children are followed in LSIC; at
the first wave of the study in 2008, children in the younger
Figure 1. Locations of interviews in the ﬁrst wave of LSIC (represented
by the gray circles)13.
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cohort (born between 2006 and 2008) were between the
ages of 6 months and 2 years; and children in the older co-
hort (born between 2003 and 2005) were between 3.5 and
5 years of age. By the fourth wave of the study in 2011,
participants had reached 3.5–5 and 6.5–8 years of age.
This accelerated cross-sequential design enables data to
be gathered about the first 8 years of life for Indigenous
children through only four waves of data collection. This
design also enables data users to compare two cohorts of
children of the same age (such as the younger cohort at
Wave 4 with the older cohort at Wave 1), allowing the
separation of ageing and period effects. It also allows re-
searchers to combine the two cohorts into the same age
group for increased sample size.22
How often have they been followed up?
Children participating in LSIC are followed up annually. At
the time of writing, six waves of data collection had been
completed, and data from the first four waves were avail-
able for analysis. In the first wave of the study in 2008,
interviews were conducted with the primary carers of 1671
children; this best represents the baseline sample of partici-
pating children. Of these children, nearly 90% (1435) had
data contributed in a second interview. For a variety of rea-
sons, data were not obtained on 236 of these children in
Wave 2; however, some participated again in later waves
(Figure 2; see Supplementary Material B for more detail,
available as Supplementary data at IJE online).
The rates of re-interview are higher among primary
carers who, at the first wave of the study, were non-
Indigenous, living with a partner and owning or privately
renting a house (see Table 2). Additionally, participation
rates were higher among the carers/children in the younger
cohort and those who lived in areas with lower levels of
relative isolation at the first wave of the study. Overall,
however, the level of participation and engagement is rela-
tively high across groups.22
As with any project relying on participant data, there
are appreciable levels of missing data in LSIC. The amount
of missing data varies according to the nature of the ques-
tion or survey item. Demographic information, such as
Level of Relative Isolation or the Decile of Socioeconomic
Indexes for Areas, is available for over 95% of participants
at each wave. Other items, such as questions about alcohol
use or direct measurements of children, however, are more
prone to non-response. For example, height and weight are
items with relatively high proportions of missing values;
they were measured for 1304 of the 1671 children (78%)
participating in the first wave of the study.23 However,
with the formation of a relationship between participants
and the Research Administration Officers and the building
of trust, children and carers were more comfortable partic-
ipating in the measurement process.23 By the fourth wave
of the study, height and weight were recorded for 97% of
children participating in the study.
What has been measured?
The core LSIC survey topics are consistent across waves,
but to ensure that questions are age-appropriate, some
items vary between waves of the study and between the
two age cohorts. Survey topics include: demographic,
household and neighbourhood characteristics (see Table 3
as an example); study child health; study child dietary in-
take; maternal health during pregnancy; current caregiver
health; parenting; study child social and emotional
Table 1. Characteristics of LSIC study children at baseline
(2008)11 compared with the general population of Indigenous
Australian children less than 5 years of agea
Characteristic LSIC sample Estimated population
of Australian
Indigenous children
n % n %
Total 1687 100 77715 100
State/territory
New South Wales 494 29.3 22 967 29.6
Victoria 143 8.5 4904 6.3
Queensland 515 30.5 22 842 29.4
Western Australia 126 7.5 10 282 13.2
South Australia 106 6.3 4003 5.2
Tasmania 0 0 2610 3.4
Northern Territory 303 18.0 9472 12.2
Australian Central Territory 0 0 608 0.8
Other territories 0 0 27 0.0
Age (years)b
< 1 241 14.3 13 279 17.1
1 660 39.1 12 894 16.6
2 77 4.6 12 553 16.2
3 193 11.4 12 720 16.4
4 460 27.3 12 980 16.7
5 55 3.3 13 289 17.1
Sex
Male 860 51.0 39 599 51.0
Female 827 49.0 38 116 49.0
Level of remoteness
Major cities 439 26.0 24 708 31.8
Inner regional 428 25.4 17 153 22.1
Outer regional 227 13.5 17 063 22.0
Remote 256 15.2 7003 9.0
Very remote 337 20.0 11 788 15.2
aIn the initial participating cohort, 1687 primary carers were interviewed.
However, 16 families were removed from Release 2 and Release 3 datasets for
administrative reasons; thus, the total number of participants in Wave 1 is
reduced to 1671.
bOne missing value.
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well-being; and caregiver social and emotional well-being.
These are addressed using a mix of questions, scales and
tasks (Table 4; see Supplementary Material C for study
items added in recent waves, available as Supplementary
data at IJE online).
Because of the young age of the study children, most of
the data are obtained from the primary caregiver. During
their interview, study children answer questions about
school and their favourite things, and Research
Administration Officers measure their height and weight.
Study children also participate in a range of activities
designed to assess verbal and non-verbal processes that
underlie early literacy and numeracy skills.13 Interviews
are conducted, when appropriate, in the idiom of
Aboriginal English, in a Creole specific to the location, or
in an Aboriginal language (see Supplementary Material B
for more information, available as Supplementary data at
IJE online).10,24
Additional resources and linkage opportunities
LSIC provides the opportunity for linkage to data sources
including the Australian Early Development Index25
and the National Assessment Program – Literacy and
Numeracy. The Longitudinal Study of Australian
Children offers the potential for direct comparisons with a
predominantly non-Indigenous Australian sample (see
Supplementary Material D for more information, available
as Supplementary data at IJE online).
What has it found?
LSIC has been designed as a dataset that is readily access-
ible to the policy and research community. LSIC works col-
laboratively with policy developers across Commonwealth
Government departments and agencies. Policy concerns in-
form the content design and analysis of findings, including
Figure 2. LSIC participant ﬂow, Waves 1 to 4 (2008–11). These ﬁgures refer to interviews with the primary carer.
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the review and co-authoring of information papers and
briefs on various topics. These outputs are central to their
policy-driven approach.
DSS releases an annual report about each wave (these
can be found at http://dss.gov.au/lsic). As part of their
community dissemination strategy, DSS provides partici-
pating families and communities with Community
Feedback sheets (summarizing findings within a site),
Community booklets (summarizing findings across all
sites) and DVDs with most waves of data collection. The
annual Key Summary Reports provide overviews of the
data along with in-depth analyses of certain topics, show-
cased in feature articles. Technical papers and publications
relating to the development of LSIC can be found on the
DSS website (http://dss.gov.au/lsic).
At the time of writing, licences for LSIC data use had
been granted to more than 150 researchers from a range of
research organizations. Research based on the LSIC dataset
has been showcased at the Growing Up in Australia and
Footprints in Time Research Conferences (held in 2011
and 2013), and six journal articles have been published to
date,10,26–30 despite recruitment to the study only starting
in 2008. These articles cover topics including culture and
identity, body mass index, mobility, socioeconomic status,
temperament and post-separation parenting. For example,
research using LSIC has identified:
• An association between carers’ experience of major life
events and negative changes in social and emotional
well-being: the strongest association was with reported
ﬁnancial strain, and weaker associations held for re-
ported family break-up, family arguments, alcohol or
drug problems, children being scared by other people’s
behaviour, crime victimization and experiences of being
asked for money.31
Table 2. Percentage of Wave 1 primary carers re-interviewed
at Wave 4 (2011) and interviewed in all waves (1–4), by
selected characteristics22
Characteristic Percent
re-interviewed
at Wave 4
Percent
interviewed
at all four
waves
Level of Relative Isolationa
No 81.3 73.4
Low 71.4 62.0
Moderate 66.4 50.6
High/extreme 67.3 45.5
Index of Relative Indigenous
Socioeconomic Outcomes quintile
1st quintile(most disadvantaged) 71.6 54.7
2nd quintile 66.8 53.4
3rd quintile 74.0 63.8
4th quintile 73.6 66.9
5th quintile(most advantaged) 76.6 65.3
Child characteristics
Male 73.8 62.8
Female 71.9 60.5
Aboriginal 74.0 63.0
Torres Strait Islander 67.3 53.6
Both Aboriginal and Torres
Strait Islander
60.8 50.5
Younger cohort 74.3 63.7
Older cohort 70.9 59.0
Primary carer characteristics
Male 80.5 73.2
Female 72.6 61.4
Indigenous 70.6 59.1
Non-Indigenous 86.9 78.8
Employed 75.8 64.4
Not employed 71.5 60.4
Has a partner in the household 75.1 65.1
Has no partner in the household 70.1 57.6
Home owner 82.6 77.0
Private rental 78.6 68.1
Public or community housing rental 68.6 55.8
Total(n) 72.8(1217) 61.7(1031)
This presents the percentage of children on whom data were included in
Wave 1 (regardless of changes to the identity of the primary carer) who also
had data about them included in the fourth wave of the study, and the per-
centage with data in all four waves, across selected characteristics.
Category for Level of Relative Isolation, Index of Relative Indigenous
Socioeconomic Outcomes quintile, and primary carer characteristics are based
on the values at Wave 1; however, these values may have changed across waves.
The 88 children who entered the study in Wave 2 are not included in this
table.
aLevel of Relative Isolation (LORI) indicates the level of remoteness of the
areas in which children live. This scale determines remoteness using a purely
geographical approach, and is based on the Accessibility/Remoteness Index of
Australiaþþ Scale.
Table 3. Household characteristics in LSIC Wave 1,a by Level
of Relative Isolation27
Level of Relative Isolation
Household
characteristics
None
(urban)
Low Moderate High/
extreme
Total
Average number of people
in the household
4.5 4.8 5.8 5.7 5.0
Average number of
children in the carer’s
nuclear family
2.1 2.6 2.6 2.7 2.5
Average number of
children in the
household
2.6 2.8 3.0 3.1 2.8
Total (n) 435 839 214 189 1677
aThe total sample size is 1677 rather than 1671, as the paper was written
before six families were removed from the data for administrative reasons. The
P-values for differences by cohort across LORI exceeded 0.05, so it was con-
sidered appropriate to combine the younger and older cohorts in this table.
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Table 4. Brief description of topics covered in the LSIC survey
Subject Description
Household information
Dwelling type and street type RAO assesses housing type and trafﬁc.
Household demographics P1 and P2 report on who lives in the house with SC by age, Aboriginal and/or Torres Strait Islander
identity, and relationship to P1.
Child health
Maternal health and care P1 self-reports on health care when pregnant.
Alcohol, tobacco and substance
use during pregnancy
P1 self-reports on use of alcohol, cigarettes and other substances while pregnant with SC.
Birth P1 self-reports on factors surrounding birth of SC, including birthweight and gestational age, from
memory or from Baby Book.
Early diet and feeding P1 reports on SC’s breastfeeding and transition to solid foods.
Current nutrition P1 recalls foods consumed by SC in the past 24 h (selected from a list of food groups) and number and
types of drinks consumed. P1 also reports on SC’s consumption of bush tucker, breakfast, takeaway
meals.
Dental health P1 reports on SC’s teeth cleaning, visits to dentist and problems with teeth or gums (selected from a
list).
Health conditions P1 rates SC’s general health (poor to excellent) and reports on health problems SC has experienced
(selected from a list).
Injury P1 reports on injuries SC has experienced since the previous survey (selected from a list), number of
times injuries happened and the place injuries occurred.
Hospitalization P1 reports the number of times SC has been hospitalized since the previous survey, the reason for hos-
pitalization (selected from a list), length of stay in hospital and the use of other health services
(including the Aboriginal Medical Service).
Sleeping patterns P1 reports on SC’s sleeping routine and any trouble sleeping.
Parental health
Ongoing health conditions P1 and P2 rate their own general health (poor to excellent) and report on health problems experienced
(RAOs select from a list including diabetes, disability and kidney disease).
Social and emotional well-being
and resilience
Strong Souls questionnaire: P1 and P2 respond to questions about ‘what helps get you through hard
times’ and ‘big worries, stress and sadness’ (including experiencing discrimination).
Smoking habits and exposure;
alcohol use
P1 and P2 self-report on tobacco use, smoking inside the house, methods of quitting smoking, and al-
cohol use.
Gambling P1 reports on frequency of gambling, types of gambling activities, reasons for gambling, gambling
problems.
Parent relationships P1 reports on relationship with partner, including questions about domestic violence.
Childhood and parenting P1 and P2 respond to questions about the relationship with their partner, parents living separately,
contact with SC, and the stolen generations.
Child and family functioning
Strengths and difﬁculties P1 reports on SC’s behaviour and relationships with others, using the Strengths and Difﬁculties
Questionnaire.39
Child’s physical ability P1 reports on SC’s physical abilities including holding a pencil, dressing and undressing, using but-
tons, walking up stairs, hopping and catching.
Child’s temperament P1 responds to a questionnaire about the SC’s personality, adapted from the Short Temperament
Scale for Children.
Brief Infant-Toddler Social and
Emotional Assessment
(BITSEA)
P1 responds to a questionnaire about SC’s personality, using the BITSEA, a screening tool designed to
assess social-emotional and behavioural development.
Parent concerns about child’s
language and development
P1 reports on worries about SC’s development (talking, speaking, understanding, use of hands, behav-
iour, learning and development).a
Parental warmth, monitoring
and consistency
P1 and P2 respond to questions about interaction with SC.
Major life events P1 and P2 report whether any close family member has experienced a series of major life events.
Socio-demographics
Participant language, culture
and religion
P1 and P2 respond to questions about languages spoken by family members, including Creoles, cul-
ture, identity and religion.
(Continued)
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• Improved subjective well-being (stronger relation-
ships and greater resilience) among carers living in more
isolated areas, after adjusting for the demographic
characteristics of the carer, household and
neighbourhood.31
• Decreased preschool attendance of children whose carers
experienced feelings of racial discrimination.31
• Increased mean body mass index z-score (adjusted for
age and gender) in 2011 among children living in more
urban, compared with remote, areas (see Figure 3).23
• Increased soft drink consumption (adjusted for age and
gender) in 2011 among children whose parents had
lower levels of education, who experienced housing
instability, who lived in urban areas and who lived in dis-
advantaged neighbourhoods.32
Increasing numbers of publications are likely as more
researchers become aware of the study and additional
waves of data are released.
What are the main strengths and
weaknesses?
Indigenous Australians are among the most researched
people in the world;12,21 an important potential benefit of
LSIC is that researchers may use this shared resource,
rather than conducting additional individual studies and
further increasing the burden placed upon Indigenous com-
munities and families.
Specific strengths of LSIC include the level of commu-
nity engagement, protection of privacy, large sample size,
Table 4. Continued
Subject Description
Parental education P1 and P2 self-report on highest level of education completed.
Work P1 and P2 self-report on employment.
Financial stress and income P1 and P2 report family’s money situation and experience with income management.
Child support and maintenance P1 and P2 respond to questions about the SC’s living arrangements and child support.
Housing and mobility P1 and P2 describe the current home and neighbourhood, the length of time residing at the current
home and the number of other homes SC has lived in. Includes number of bedrooms and repairs
needed.
Community P1 describes community places for children, safety, homelessness experiences, whether facilities such
as toilets and washing machines are working and levels of trust in doctors, hospitals, police and
schools.
Child care and early education P1 and P2 report on SC’s school and care arrangements.
Child’s school P1 and P2 respond to questions about SC’s school experience, including bullying and racism.
Activities with the study child P1 and P2 respond to questions about activities that SC does with particular family members, and the
language used when participating in these activities.
Child direct measures
Vocabulary Older SCs complete the Renfrew Word Finding Vocabulary Test, identifying names of pictured ob-
jects (measuring expressive vocabulary). Younger SCs complete the MacArthur Bates
Communicative Development Inventory: P1 reports if SC knows words read aloud from a list
(measuring early language skills).17.
Who Am I? SCs are asked to write their name, copy a circle, cross, square, triangle and diamond, and draw a pic-
ture of themselves; the Australian Council for Educational Research score the booklets and RAOs
evaluate their focus.40
Favourite things SCs respond to questions about their favourite things.
School Older SCs respond to questions about their experience of preschool or school.
Height and weight RAOs measure the SC’s height and weight. If parents are not comfortable with measurements being
taken by the RAOs, they can take the child’s measurements themselves or report the most recent
height and weight recorded in the child’s health book. RAOs also measure the height and weight of
P1.17
MATRIX reasoning SCs complete the MATRIX Reasoning segment of the Weschler Intelligence scale for children; this
provides a general measure of abstract reasoning ability (not based on reading or writing skills).17.
Progressive Achievement Tests
in Reading
Older SCs complete the LSIC version of Progressive Achievement Tests in Reading, providing diag-
nostic information about reading comprehension abilities. Scores are scaled by the Australian
Council for Educational Research for release.
SC, Study Child; P1, primary carer; P2, secondary carer; RAO, Research Administration Ofﬁcer.
aAdapted from Parent’s Evaluation of Developmental Status. Australian version Melbourne, VIC: Centre for Community Child Health, Royal Children’s
Hospital, 2005. Adapted with permission from Frances Page Glascoe, Ellsworth and Vandermeer Press.
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geographical and socioeconomic diversity of participants,
collection of qualitative and quantitative data, collection
of data from multiple informants, breadth of measures col-
lected, conduct of face-to-face interviews and the oppor-
tunity for data linkage.
The high retention rate and ongoing and frequent
follow-up are also notable strengths, particularly within
an Indigenous population, given the acknowledged chal-
lenges of conducting longitudinal research in Indigenous
populations.19,20 Lawrance and colleagues have
described the challenges for cohort retention and data
collection within the Australian Aboriginal Birth Cohort
study, a prospective study of 686 children in Darwin,
Northern Territory.33 These challenges include limited
means of contacting participants, high mobility, and cul-
tural diversity (including language); LSIC has demon-
strated the ability to meet these challenges on a national
scale. The emphasis on community engagement is likely
to be an important contributor to the success of LSIC.10
In particular, the employment of Indigenous inter-
viewers, dedicated community consultation process and
continuous feedback loop are likely to underlie the abil-
ity of the LSIC study to maintain data integrity and
minimize attrition while ensuring communities’ good
will towards the study.
Another strength of the study is that LSIC is designed to
facilitate a life course approach to research. This ap-
proach incorporates the roles played by physical, social,
psychological, environmental and other pathways across
an individual’s, and a population’s, development.34 It is
particularly appropriate for Indigenous health research,
given the predominance of holistic understandings of
health in Indigenous communities.9,35
The life course approach offers a longitudinal view of
health situated within family, community and society-level
contexts. These exposures can act at any point in time in a
child’s development, and their impact can vary depending
upon broader macrosocial factors, such as the rapidly
changing policies in Indigenous affairs.9 By drawing on
both Western science and Indigenous knowledge systems,
LSIC creates the opportunity to conduct research that ex-
pands understanding and is both scientifically and cultur-
ally credible.34,35
A limitation of LSIC is the lack of representativeness;
findings on prevalence cannot automatically be extrapo-
lated to all Indigenous children across Australia. However,
this is a common feature of cohort studies, and as with
other such studies, the LSIC data are designed for internal
comparisons and longitudinal analyses rather than esti-
mates of point prevalence.36 Although the geographical lo-
cation of participants is not disclosed for the protection of
their privacy, Level of Relative Isolation can be used as an
indicator of the location’s remoteness, and Indigenous
Area can be used to adjust for the study’s clustered design
(see Supplementary Material E for more information,
available as Suppplementary data at IJE online).
Another limitation is that height and weight are the
only physical measures taken in LSIC. This was a response
Figure 3.Mean body mass index (BMI) z-scores in 2011 for children in LSIC byLevel of Relative Isolation and cohort, modiﬁed from23.
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to community consultations and consideration of partici-
pants’ comfort and willingness to participate.
Additionally, the validity of screening instruments, par-
ticularly those measuring social and emotional well-being,
requires verification within Indigenous populations.37
Where possible, LSIC employs instruments that have been
validated in similar cultural contexts, and encourages re-
searchers to evaluate the face validity of instruments within
LSIC specifically (for example27,31,37,38).
Despite these limitations, LSIC remains the largest cur-
rent source of information about the longitudinal develop-
ment of Indigenous children, and indeed adults,31 across
Australia. These issues do not preclude its use, but rather
reinforce the general point that data sources need to be ap-
propriate to the specific research and policy question under
investigation.
Can I get hold of the data? Where can I find
out more?
LSIC is a shared resource, formed in partnership with com-
munities, to be used to inform policy and programme devel-
opment for the improvement of Indigenous well-being. These
data are readily accessible, and their use is encouraged.
At the time of writing, data for the first four waves of the
study were available as Data Release 4.1. Prospective users
need to sign a deed of licence and complete an application
for the dataset, including a disclosure of the context of their
research; data users also need to adhere to strict security and
confidentiality protocols. The LSIC webpage (http://dss.gov.
au/lsic) and Supplementary Material F (available as
Supplementary data at IJE online) provide additional infor-
mation on the LSIC data and access arrangements.
Queries about the study or the data should be sent to
[LSICdata@dss.gov.au]; queries about applying for the
data or licensing arrangements should be sent to
[longitudinalsurveys@dss.gov.au].
Supplementary Data
Supplementary data are available at IJE online.
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Cohort Profile: Footprints in Time, the Australian Longitudinal Study of 
Indigenous Children 
Supporting information 
Several ‘Supplementary Materials’ were published alongside the previous manuscript. The first, 
Supplementary Material A, is included here, immediately following the manuscript, in order to provide 
information on the processes of community engagement and governance underlying the development 
of the Longitudinal Study of Indigenous Children, and on the relevant ethical approvals.  
The remaining Supplementary Materials are provided in the Appendices. Supplementary Material B 
provides additional information on study informants, participant flow across waves of the study, and 
interview languages. Supplementary Material C provides information on study items added in more 
recent waves. Supplementary Material D outlines additional data resources and potential linkages. 
Supplementary Material E discusses the potential implications of the study’s clustered design for 
statistical analysis. Supplementary Material F provides additional information on the LSIC data and 
access arrangements. 
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SUPPLEMENTARY MATERIAL A 
Community engagement and governance  
Ethical guidelines have been implemented to protect Indigenous people and communities 
participating in research;1, 2 a fundamental requirement is the involvement of Indigenous 
people throughout all stages of the research process.3 Although these processes do not 
always occur, or are not well described in the methods, they are critical to the success and 
sustainability of the cohort. An analysis of Indigenous child health research found that the 
involvement of Indigenous people in the research process was not acknowledged in 71.4% of 
the included studies (conducted between 1958 and 2005).4 
 
Consistent with the ethical guidelines, the LSIC Steering Committee has focused on forming, 
and maintaining, strong relationships with participating Indigenous people and communities. 
The Steering Committee has been chaired by an Indigenous leader, Professor Mick Dodson 
AM, since 2003, and includes a majority of Indigenous members. Consultation and 
negotiation have been integral to the research methodology in ensuring the genuine 
participation of Indigenous people and a sense of local ownership.5-8  
 
LSIC held extensive consultations with Indigenous communities in urban, regional, and 
remote areas to inform the development of the study design and content.9 These 
consultations served to ensure that the study was relevant and useful, with the potential to 
bring about change. The community relationships are maintained through a number of 
mechanisms, including the ongoing employment of Indigenous Research Administration 
Officers and the frequent dissemination of findings to the involved families and communities, 
as well as to the research and policy domains. LSIC also has designed internal feedback loops, 
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with Indigenous Research Administration Officers (who conduct the LSIC interviews) 
providing annual feedback from the community to the LSIC Steering Committee to inform the 
development of future surveys (see Figure 1). 
 
Figure 1: Feedback and dissemination processes in LSIC, Waves 1 to 4. 
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Community consultation processes 
In 2003, during the initial planning phase, the LSIC team held meetings with Indigenous 
stakeholders in every capital city and at least one regional or remote area in each State and 
Territory.6, 10, 11 These consultations focused on what communities would like to learn through 
the LSIC surveys and their recommendations for the conduct of the study. In total, 23 
consultation meetings were held (New South Wales/Australian Capital Territory: Alexandria, 
Nowra, Dubbo, Mildura, Mt Druitt, and Canberra; Queensland: Cherbourg, Cairns, and 
Brisbane; the Torres Strait: Thursday Island; the Northern Territory: Yulara, Nhulunbuy, Alice 
Springs, and Darwin; Western Australia: Kalgoorlie and Perth; South Australia: Port Augusta 
and Adelaide; Victoria: Thornbury; Tasmania: Hobart and Launceston).6 These interviews, 
focus groups, and meetings involved various community members, including Elders, young 
people, parents and care givers, service providers, prominent Indigenous organisations, and 
government departments with Indigenous programs.6, 12 These consultations enabled the 
LSIC team to gain feedback about the potential value of conducting a longitudinal survey, 
topics to include, and methods for conducting the survey.  
 
The outcomes of these consultations are captured in the report ‘Aboriginal and Torres Strait 
Islander views on research in their communities’.6 The data collection was primarily 
qualitative; the in-depth interviews and focus groups highlighted the importance of 
conducting research that was ‘right’ for the participants; otherwise, as one participant asked, 
‘why bother?’.6 These consultations were complemented by a literature review of existing 
knowledge about Indigenous children, which aimed to identify gaps which could be filled by 
LSIC.11 
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Following these initial meetings, from 2004-2005, the LSIC team trialled community 
engagement strategies, data collection methods, and dissemination strategies in the 
Australian Capital Territory and Queanbeyan, the Torres Strait Islands, and the Northern 
Peninsula Area.10 This enabled the LSIC team to learn about conducting research with 
communities in both urban and regional settings, and, in particular, to investigate the needs 
for transport, equipment, and resources in more remote areas. Additionally, the Torres Strait 
Islands and the Northern Peninsula Area both offer a wide diversity of languages, cultures, 
and services, thus representing ideal sites for trials.7 The objectives of these trials were to: 
1. Test the proposed community engagement strategy 
2. Test the development of research agreements and protocols with the community 
3. Test the development of publicity material targeted to the community 
4. Undertake focus groups in the communities to help determine and influence the 
study design and content 
5. Test the process for recruiting and training Community Liaison Officers and 
interviewers for the pilot test 
6. Test the development of questionnaires and databases 
7. Test the strategy for recruiting families with children to participate in LSIC6 pp. 47-48 
 
The LSIC team garnered feedback about their study methods from interview participants, 
community representatives, Community Liaison Officers, researchers, and others who were 
involved in the trials.7 Based on these findings, the LSIC Steering and Design Committees 
worked together to explore various research models while seeking guidance, ethical 
oversight, and advice on building research partnerships from community bodies.10 This 
informed the development of content rationales, which were workshopped with members of 
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the Steering Committee and stakeholders before they were used to construct draft 
questionnaires and Computer Assisted Personal Interview instruments.9  
 
In 2006, in partnership with the Australian Bureau of Statistics, the LSIC team piloted the study 
design, sampling strategy, and survey content. The survey was modified based on the results 
of the initial pilot before the questionnaires and field procedures were piloted again in 2007.9 
 
Outcomes of community consultations 
The consultation processes highlighted participants’ concerns about research in their 
communities.6 The main outcomes of these consultations were: a commitment to the 
development of relationships of trust and respect between study participants and the LSIC 
team; a focus on the maintenance of partnerships; the employment of Indigenous Research 
Administration Officers; the increased assurance of participants’ protection of privacy and 
confidentiality; an emphasis on positives outcomes; and the collection of qualitative, in 
addition to quantitative, data.5, 6 
 
These consultations informed LSIC of the importance of committing to the development of 
relationships of trust and respect with participants in order to facilitate honest interactions 
and the collection of accurate data. Given the historical context of research within Indigenous 
populations, certain approaches can cause Indigenous participants to ‘shut-down’ and 
withhold information;5 in fact, ‘Many people said they would not let their children or 
themselves get involved with the Footprints in Time study because of past experiences with 
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government departments’.6 The significance of gaining, and maintaining, this trust could not 
be overstated, and LSIC gained valuable feedback about ways to approach this. 
 
The consultations demonstrated the importance of working in partnership with Aboriginal 
and Torres Strait Islander communities at all stages of the study design.10 The importance of 
sustaining ongoing partnerships beyond the initial consultation phase was emphasised.6 LSIC 
has developed a feedback cycle and dissemination strategy to achieve this. LSIC has made the 
dissemination of research findings a major priority from the onset of the study; for example, 
they publish annual reports, and provide ‘Community Feedback Sheets’ to each site, including 
during the trial phase.12 LSIC also facilitates dissemination by conducting workshops, 
seminars, and participating in conferences.8 
 
The continued presence and involvement of Indigenous Research Administration Officers was 
strongly urged at each community meeting; one contributor stated, ‘There needs to be an 
ongoing relationship and engagement with Indigenous communities and families throughout 
the trial. It is not enough to see them once or even twice a year. You need someone who is 
going to be there all the time’.6 As a result, DSS has trained and employed more than 20 
Indigenous Research Administration Officers to conduct the interviews, and to reside in the 
region in which they conduct interviews9 Not only did community members believe that 
Indigenous interviewers would have a better understanding of certain issues, but they 
expressed hesitation about non-Indigenous government personnel entering their homes.6 
 
Maintaining confidentiality is of particular importance in Indigenous communities, given their 
small size and potential for identification.5 In these consultations, participants voiced 
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concerns surrounding confidentiality in relation to fears about government interference; 
others voiced broader concerns about confidentiality, particularly in reference to sensitive 
issues.6 In accordance with this, LSIC has put strict confidentiality protocols in place, including 
removing variables that could potentially identify respondents, such as the names of 
household members, dates of birth, and interview site, from data released to researchers. 
Additionally, they have grouped variables which might provide identifying information, such 
as the age of older carers, languages spoken, and occupations. References to individuals, 
dates, and clans or family names have been removed from free text responses. 
 
Given the problem-based focus of the current literature,11 many of those consulted prioritised 
a shift towards a focus on positive outcomes; they requested the inclusion of questions of a 
positive and productive nature, highlighting things that are going well.6 This is reflected in the 
research questions guiding LSIC, which focus on determining ways of encouraging healthy 
child development. 
 
Many communities emphasised that qualitative data collection was needed to accurately 
depict the lived experience and its heterogeneity, describing the collection of exclusively 
quantitative data as, ‘just another statistical exercise’.6 Participants did understand the need 
for the collection of these quantitative data, but argued for the inclusion of both Indigenous 
and non-Indigenous ways of learning.6 Reflecting these comments, LSIC collects a range of 
qualitative data items through the use of open-ended questions; this enables researchers to 
consider multiple conceptualisations of health and wellbeing.13 
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These issues are reflected in choice to design LSIC to facilitate a life course approach to 
research. This approach incorporates the roles played by physical, social, psychological, 
environmental, and other pathways across an individual’s, and a population’s, 
development.14 It is particularly appropriate for Indigenous health research, given the 
predominance of holistic understandings of health in Indigenous communities.13, 15 The life 
course approach offers a longitudinal view of health situated within family, community, and 
society-level contexts (see Figure 2). These exposures can act at any point in time in a child’s 
development, and their impact can vary depending upon broader macrosocial factors, such 
as the rapidly changing policies in Indigenous affairs.15 By drawing on both western science 
and Indigenous knowledge systems, LSIC creates the opportunity to conduct research that 
expands understanding and is both scientifically- and culturally-credible.13, 14 
 
Figure 2: A life course approach to examining the health and wellbeing of Indigenous 
Australian children.* 
 
* Amended from Zubrick et al.15  by Shepherd CCJ, Walker R, Dalby R and Dudgeon P16; used 
with permission. 
50
Ethics approval 
The study has received ethics approval from the Departmental Ethics Committee of the 
Australian Government Department of Health; this is the study’s primary Human Research 
Ethics Committee. Additional approval at the State, Territory, or regional level was obtained 
from the relevant bodies, in line with the guidelines of the National Health and Medical 
Research Council1 and the Australian Institute of Aboriginal and Torres Strait Islander Studies.2 
Permission for teachers’ participation was obtained through consultation with State and 
Territory departments of education and Catholic dioceses. Additional consultations were held 
with State and Territory departments in charge of out-of-home care.9 Additionally, LSIC 
sought agreement and approval from communities and Elders before any research was 
conducted. The length of approval times varies between each committee and government 
agency; ethical approval will continue to be sought for the life of the study.  
 
These ethics committees approved the consent (written) processes in LSIC, which were 
integral to the study.17 Parents were provided with an introductory letter and a DVD which 
described the LSIC study and the consent process, and RAOs discussed the consent forms with 
each participant to explain the permissions they were seeking. These processes enabled 
parents to provide informed consent for their participation in the study and on behalf of the 
study child. The RAOs sought separate consent from study participants for voice recording, 
photographing, interviewing a second carer, interviewing the child’s teacher or child care 
worker, and releasing Medicare data for linkage. Participants were provided with a summary 
sheet of their agreements at the conclusion of the consent processes, including contact 
information for the ethics committee and DSS, and participants were informed that they 
could withdraw from the study at any time. 
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CHAPTER 4. Approaches to maximising the 
accuracy of anthropometric data on children: 
review and empirical evaluation using the 
Australian Longitudinal Study of Indigenous 
Children 
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Abstract
Aim: Despite the burgeoning research interest in weight status, in parallel with 
the increase in obesity worldwide, research describing methods to optimise 
the validity and accuracy of measured anthropometric data is lacking. Even 
when ‘gold standard’ methods are employed, no data are 100% accurate, 
yet the accuracy of anthropometric data is critical to produce robust and 
interpretable findings. To date, described methods for identifying data that are 
likely to be inaccurate seem to be ad hoc or lacking in clear justification. 
Study type: Methods.
Methods: This paper reviews approaches to evaluating the accuracy of 
cross-sectional and longitudinal data on height and weight in children, 
focusing on recommendations from the World Health Organization (WHO). 
This review, together with expert consultation, informed the development 
of a method for processing and verifying longitudinal anthropometric 
measurements of children. This approach was then applied to data from the 
Australian Longitudinal Study of Indigenous Children.
Results: The review identified the need to assess the likely plausibility of data 
by (a) examining deviation from the WHO reference population by calculating 
age- and sex-adjusted height, weight and body mass index z-scores, and (b) 
examining changes in height and weight in individuals over time. The method 
developed identified extreme measurements and implausible intraindividual 
trajectories. It provides evidence-based criteria for the exclusion of data 
points that are most likely to be affected by measurement error.
Conclusions: This paper presents a probabilistic approach to identifying 
anthropometric measurements that are likely to be implausible. This 
systematic, practical method is intended to be reproducible in other settings, 
including for validating large databases.
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Introduction
For research to produce meaningful findings, the 
underlying data need to be accurate1; however, no data 
are 100% accurate, even when ‘gold standard’ methods 
are used. The collection of data, particularly longitudinal 
data, is expensive. Therefore, it is prudent to maximise 
the benefit from using these data by maximising their 
accuracy – including using appropriate measurement 
techniques and carefully processing collected data. 
Despite the burgeoning research interest in obesity2, 
research describing methods to assess the accuracy of 
measured anthropometric data is lacking.3,4 Inaccuracies 
in anthropometric data can result from equipment, 
measurement, recording and data entry error, and 
these errors can alter the interpretation of an individual’s 
weight status.4 Without rigorous methods to underpin the 
accuracy of anthropometric measurements, research 
that uses these data – such as evaluation of weight-
loss interventions – is likely to be unduly affected by 
measurement error. However, described methods for 
identifying data that are likely to be inaccurate seem to 
be ad hoc, based predominantly on convention and/or 
lacking clear justification. 
Most defined methods for cross-sectional data rely 
on the exclusion of weights or heights outside a pre-
specified range5,6, but approaches are inconsistent, and 
the reason for, and clinical significance of, the chosen cut-
off points is not usually explained. Although this type of 
approach may be appropriate for adults, it is more difficult 
to employ for children, because the plausible range for 
height and weight varies widely with age.3 Evaluation 
of longitudinal data involves additional complexity, 
particularly for children, because intraindividual variation 
in height and weight that can be attributed to normal 
growth needs to be differentiated from implausible 
variation that is more likely a result of measurement error. 
A few longitudinal studies mention the use of methods 
to evaluate the plausibility of intraindividual changes in 
height or weight status over time1,7−9; however, we have 
been unable to locate an explicit description of these 
processes. 
Because it is not ultimately possible to determine the 
true value of a measurement, determining the accuracy 
of any measurement is problematic.4 It may be possible 
to re-measure all children with questioned measurements 
in studies with small samples, but this is not practical 
for large samples. This approach would still require a 
method to identify the measurements requiring review. An 
alternative to this resource-intensive re-measuring method 
is a systematic approach to identifying measurements 
that are more likely to be a result of measurement error 
than a true representation of extreme height or weight. 
These a priori, agreed (not post-hoc, data-derived) 
methods could be applied to both measurements in 
cross-sectional data and intraindividual changes in 
longitudinal data.
This study aimed to (a) review the approaches 
for evaluating the accuracy of cross-sectional and 
longitudinal anthropometric data, (b) interview data 
collection officers about the difficulties with measuring 
height and weight, (c) devise an evidence-based 
approach for the probabilistic evaluation of measurement 
accuracy informed by (a), (b) and expert advice, and (d) 
apply and empirically evaluate this approach to cross-
sectional and longitudinal anthropometric data in the 
Longitudinal Study of Indigenous Children (LSIC). 
Methods
Literature review
Literature was reviewed to identify published methods 
for evaluating the accuracy of anthropometric data on 
children. The initial search focused on World Health 
Organization (WHO) documentation, as WHO is the 
leading expert group in the field. Although WHO 
has published methods for identifying ‘implausible’ 
anthropometric measurements in cross-sectional data, 
it does not explicitly describe processes to identify 
‘implausible’ intraindividual changes. 
The literature search was expanded to include 
longitudinal studies that collected anthropometric data, 
and because of the limited research in the area, we 
examined studies of both children and adults. This search 
focused particularly on methods used by the Longitudinal 
Study of Australian Children (LSAC), a study similar to 
LSIC in design and conceptual framework. The methods 
to evaluate anthropometric data used by LSAC could 
present a solid template for use with LSIC. 
LSIC study design
LSIC is a cohort study of up to 1759 Aboriginal and Torres 
Strait Islander children living across Australia. The survey 
is managed by the Australian Government Department 
of Social Services (DSS) and funded by the Australian 
Government.10 Indigenous Research Administration 
Officers (RAOs) conducted structured interviews annually 
with the study children, a primary carer and a secondary 
carer. Carers reported on their child’s general health, and 
RAOs measured children’s height and weight. Despite 
the demonstrated health inequity between Indigenous 
and non-Indigenous Australians, LSIC is the first national 
longitudinal study to examine the life-course development 
of Indigenous children. Thus, these data have the 
potential to fill a large research gap.
LSIC anthropometric data
RAOs sought permission from all interviewed parents 
and carers to measure their child’s height and weight at 
each interview. To help ensure a correct recording, RAOs 
were trained to take each measurement three times. 
Homedics digital scales (model SC-305-AOU-4209), 
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which are accurate to 100 grams, were used to weigh 
children. In the first wave of interviews, RAOs used 
plastic height-measuring sticks to measure children’s 
standing height and tape measures to measure small 
infants’ recumbent length; this equipment was chosen for 
ease of transport to the most remote locations (via small 
aircraft and boats with weight restrictions). To improve 
the quality of data collected in later waves, RAOs used 
Soehnle stadiometers (professional model 5003), which 
are accurate to the nearest millimetre. 
If carers were not comfortable having the RAOs 
take these measurements, they were invited to take the 
measurements themselves or to report the most recent 
measurement of their child’s height and weight recorded 
in their child’s health record book (‘baby book’), which 
were taken by health professionals in a controlled setting. 
Carers were increasingly willing to have children 
measured as the study progressed, and the proportion 
of height and weight measurements taken from the baby 
book (rather than measured directly) dropped from 
3% and 6%, respectively, to less than 1% by the fourth 
interview (see Table 1).
The accuracy of the height and weight measurements 
collected in LSIC required evaluation before the data 
could be released for researchers’ use. Although every 
effort was made to collect accurate data, the interview 
context was often inhibiting. RAOs and members of the 
LSIC team acknowledged the difficulty in taking these 
measurements, especially when children were unable 
to stand still while being measured or when flat surfaces 
were not available for measuring. The team recognised 
that data integrity might be compromised, so a process 
was developed to remove data that were likely to be 
inaccurate. 
Factors impacting on height and weight 
measurement in LSIC
Before the height and weight data were evaluated, RAOs 
provided insight into the potential barriers hindering 
the collection of accurate data. Individual interviews 
and a focus group discussion were held with eight 
RAOs, representing 73% of those currently employed 
(see Thurber11 for details). RAOs expressed concerns 
and difficulties relating to measuring children, such as 
technological limitations and the need to develop a 
relationship of trust with participants. Overall, the RAOs 
believed the accuracy of anthropometric data collection 
had improved over the course of the study. For example, 
RAOs stated that the use of the Soehlne stadiometer, 
starting in wave 2, increased their ability to take precise 
measurements.11
These interviews highlighted that the context in 
which these measurements were taken was particularly 
important. In some cases, measurements had to be 
taken outside on uneven ground, and in other cases, 
measurements were taken while the study child’s siblings 
were present and distracting the study child. In some 
cases, RAOs recorded on the survey tools the conditions 
interfering with the measurement process, indicating the 
decreased reliability of those measurements. However, 
the recording of descriptive comments was not universal, 
so the circumstances in which measurements were 
taken, and the impact on data quality, was not always 
known. This made clear the need for a method to identify 
attributes of data that indicate that they were likely to be 
affected materially. 
Standardisation of height and weight
Z-scores for height, weight and body mass index (BMI; 
calculated as weight divided by height squared) were 
calculated to determine the difference between a child’s 
measurement and the median measurement of children 
of the same age and sex in the WHO Multicentre Growth 
Reference Study (a sample of 8440 healthy, breastfed 
infants from six countries).13 
Cut-off points based on the statistical distribution 
of the reference are used to identify z-scores that are 
considered to be in the ‘normal’ range. Normal height 
and weight z-scores are classified as those falling in the 
middle 95% of the reference distribution, with a z-score 
between –2 and +2; z-scores in the lowest 2.5% or 
highest 2.5% are considered low or high, respectively.14,15 
Table 1. Number of children with weight and height 
recorded in each wave
Wave 1 Wave 2 Wave 3 Wave 4
Number of children 
interviewed
1671 1523 1404 1283
Height recorded
(% of children 
interviewed)
1322
(79.11)
1415
(92.91)
1318
(93.87)
1245
(97.04)
From baby book
(% of all recorded 
heights)
38
(2.87)
12
(0.85)
18
(1.37)
5
(0.40)
Measured by RAO
(% of all recorded 
heights)
1284
(97.13)
1403
(99.15)
1300
(98.63)
1240
(99.60)
Weight recorded
(% of children 
interviewed)
1365
(81.69)
1451
(95.27)
1334
(95.01)
1257
(97.97)
From baby book
(% of all recorded 
weights)
77
(5.64)
59
(4.07)
17
(1.27)
8
(0.64)
Measured by RAO
(% of all recorded 
weights)
1288
(94.36)
1392
(95.93)
1317
(98.73)
1249
(99.36)
Both height and 
weight recorded
(% of children 
interviewed)
1304
(78.04)
1408
(92.45)
1308
(93.16)
1245
(97.04)
RAO = Research Administration Officer
Source: Thurber11, The Longitudinal Study of Indigenous Children12
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These values, though outside the healthy normal range, 
are still plausible. 
BMI cut-offs are used to indicate underweight, normal 
weight, overweight and obesity. More conservative cut-off 
points are used for younger children because the health 
impact of excess weight at younger ages is less certain.16 
For children under five years of age, a BMI z-score of +1 
indicates that a child is at risk of overweight, a z-score 
of +2 indicates that a child is overweight and a z-score 
of +3 indicates that a child is obese.16 For children over 
five years of age, overweight is defined as a z-score 
exceeding +1, and obesity as a z-score exceeding +2. 
For both age groups, a z-score lower than –2 indicates 
underweight.17 
Results
Methods for identifying implausible data 
described in the literature
Cross-sectional data
Most cross-sectional studies use cut-off points for 
implausible data based on raw height and weight values. 
For example, Das and colleagues define implausible 
measurements for adults as height values outside 
122–213 cm and weight values outside 75–500 lb (34–
226.5 kg).5 Kahwati et al. use the same cut-offs for height 
values, and exclude weight values outside 70–700 lb 
(31.5–317.5 kg).6 
In contrast, WHO provides guidelines for excluding 
data based on ‘extreme’ z-scores.18 The use of z-score–
based cut-off points allows the range of plausible height 
and weight values to vary with age, accommodating 
the wide variation observed in childhood growth 
patterns. Further, examination of BMI z-scores allows the 
plausibility of the combination of height and weight for a 
child at any given age to be considered.
The plausibility of a measurement decreases with the 
increasing magnitude of its z-score, and the probability 
that the measurement resulted from measurement or 
recording error increases. It is necessary to determine 
the point at which the probability that a measurement 
represents true deviation from the reference median 
is lower than the probability that the measurement is 
an error. WHO has defined a range of values that are 
biologically plausible for height, weight and BMI at each 
age, labelling measurements that fall outside this range 
‘extreme’ and recommending that they be excluded from 
analyses.18 According to these criteria, height z-scores 
outside the range of –6 to +6, weight z-scores outside the 
range of -6 to +5, and BMI z-scores outside the range of 
–5 to +5 are considered implausible. These cut-offs are 
well beyond those used to demarcate ‘normal’ height and 
weight.
Longitudinal data
The literature on identifying implausible variation within 
longitudinal anthropometric data is sparse. In the creation 
of the WHO Multicentre Growth Reference itself, the data 
were validated “on the basis of the range and consistency 
rules built into the data entry dictionary”, with further 
checks to identify “measurements changing abnormally 
relative to the chronology of follow-up visits”, and the 
examination of individual plots for “any questionable 
patterns”.8 In some cases, interviewers were sent back 
to re-measure the individual, but otherwise the protocols 
used for these processes are not described. Additional 
detail on these data consistency checks is provided in 
another article9, but without explanation of the methods 
underlying these ‘checks’:
For anthropometry, the data entry system included 
built-in range and consistency checks that flagged 
measurements exceeding ±2 standard deviations 
of age- and sex-specific reference values for 
attained size. Flagged values were then checked 
for consistency between the two observers, 
consistency with other anthropometric variables 
measured on the same visit, consistency with 
previous measurements of the same child, and 
possible data entry errors. 
Many researchers have conducted longitudinal 
analyses using the height and weight data from the 
LSAC. However, the LSAC documentation does not 
describe any procedures used to assess the accuracy 
of anthropometric data. None of the identified articles 
published about the LSAC describe methods for 
evaluating the plausibility of intraindividual variation.19–23 
One of these articles stated that children with ‘extreme 
BMI values (i.e. >40 kg/m2)’ were excluded from 
analyses; there was no justification for this cut-off point 
(or its relevance for children of different ages), and no 
description of efforts to identify ‘extreme’ intraindividual 
variation.22
Two studies were identified that described the 
assessment of intraindividual changes in height or 
weight1,7; however, neither provided justification for 
the selection of cut-off points (see Table 2). Given 
the absence of a comprehensive method in the 
literature, further advice was sought from the LSIC 
team, epidemiologists, paediatricians, nutritionists 
and endocrinologists to inform the development of an 
approach.
Approach for identifying likely inaccurate 
height and weight data in LSIC
An approach was developed to identify measurements 
in LSIC that were likely to be inaccurate. The DSS 
provided the height and weight data in raw form, and the 
plausibility of the data was assessed by (a) examining 
deviation from the WHO reference population by 
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calculating height, weight and BMI z-scores adjusted for 
age and sex, and (b) examining changes in individuals 
over time. Data were analysed using Stata version 12. The 
WHO Anthro and AnthroPlus macros for Stata were used 
to transform the raw age, height and weight data from 
LSIC into height, weight and BMI z-scores for analysis.18,24
If a height, weight or BMI z-score in LSIC fell 
outside the plausible range described by WHO18, 
the measurement was excluded from analyses.11 The 
prevalence of implausible data decreased across waves 
of the study (e.g. from 13% to 3% for BMI z-scores; see 
Table 3), consistent with RAOs’ perceptions of improved 
accuracy.
Table 3. BMI z-scores recorded in each wave that 
were flagged as implausible, and those remaining after 
exclusion criteria were used 
Wave 1 
(%)
Wave 2 
(%)
Wave 3 
(%)
Wave 4 
(%)
Total 
(%)
BMI z-score 
recorded
1234 1371 1270 1233 5108
BMI z-score 
considered 
‘extreme’ 
(excluded)
155 
(12.56)
94 
(6.86)
37 
(2.91)
32 
(2.60)
318 
(6.23)
BMI z-score 
remaining 
after full 
exclusion 
criteria used
996 
(80.71)
1207 
(88.04)
1149 
(90.47)
1170 
(94.89)
4522 
(88.53)
In addition to excluding these extreme values, a 
method was developed to distinguish the implausible 
within-child variability from the natural variability expected 
during childhood growth. Individuals were flagged if they 
were recorded as decreasing in height (in centimetres) 
between any two waves of the study, because it is 
physiologically impossible for children to lose height, 
except in cases of severe pathology. 
Individuals were also flagged if they were recorded 
as having a ‘significant’ decrease in weight between 
any two waves. Because children can plausibly lose 
weight over time if they are sick or experience trauma, 
conservative exclusion criteria were employed to maintain 
the true biological variability represented in the data. 
Decreases in weight were considered ‘significant’ if 
the loss of weight (in kilograms) was associated with a 
decrease in weight z-score greater than 3. This cut-off 
point for intraindividual change – similar to that employed 
in Project HeartBeat7 – was selected for LSIC because a 
change of this magnitude would represent a drastic shift 
in weight status, such as from obese to normal weight, or 
from normal weight to underweight, within a year. 
Extreme increases in height or weight were not 
explicitly flagged, to allow for different growth trajectories 
for children, such as an early or late growth spurt, and 
because a reasonable definition for an implausible 
increase in height or weight could not be determined. 
However, because these data are longitudinal, an extreme 
increase in height or weight between waves was flagged 
for exclusion if the succeeding measurement decreased 
to the individual’s earlier trajectory.
An algorithm was developed to identify the height 
and weight measurement(s) to be excluded from the 
sequence of measurements for flagged individuals. This 
protocol was based on individual z-score trajectories for 
height and weight. Given the observed tracking of height 
and weight status over time25, the z-score trajectory with 
the least fluctuation between waves was considered the 
most plausible trajectory. Therefore, the data point(s) to 
be excluded were selected to minimise the change in 
an individual’s z-score between successive waves. The 
criteria were (see Thurber11 for more detail):
1. If there are only two data points recorded for an 
individual, it is not possible to infer which is more likely 
Table 2. Studies describing the assessment of intraindividual changes in height or weight
Paper Data Approach
Noel and 
colleagues1
More than 20 million 
adults in the US 
Veterans Health 
Administration 
Corporate Data 
Warehouse
The authors describe the unfeasibility of examining individual trends to identify 
improbable data patterns in such a large study. Their solution was to assign cases with 
a small change in height or weight (1–2 cm for height or 10–100 lb for weight) ‘within 
the realm of plausibility’, moderate changes (2–10 cm for height or 100–1000 lb for 
weight) ‘suspect’ and larger changes (>10 cm for height or >1000 lb for weight) ‘clearly 
implausible’. However, they do not provide a rationale or clinical basis for the choice of 
these classifications, or explicit description of how they processed these groups.
Harrist and Dai7 678 children aged 
8–18 years from the 
Project HeartBeat 
Study
Although the group did not explicitly describe the use of z-scores, they used multilevel 
models to examine intraindividual variability away from the individual’s ‘trajectory’, 
flagging points more than 3 standard deviations away from the subject-specific trajectory. 
The rationale for selecting the cut-off point of 3 standard deviations was not stated. 
Participants with flagged measurements were then examined in detail by the steering 
committee and were either corrected or set to missing. The criteria used to determine the 
‘appropriate corrective action’ for these flagged data, however, are not stated.
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to be in error based on comparison with a third data 
point; thus, exclude both. 
2. If there are three or more data points recorded for 
an individual, use height-for-age or weight-for-age 
z-scores (in the case of decreases in height and 
decreases in weight, respectively) to determine which 
data point should be excluded based on consistency: 
remove the data point such that the sum of the 
differences in z-scores between successive waves is 
minimised. 
3. If there are two non-consecutive sets of decreases 
in height or weight within the four data points (e.g. a 
decrease in height between wave 1 and wave 2, an 
increase in height between wave 2 and wave 3, and 
a decrease in height between wave 3 and wave 4), 
exclude all four data points because it is difficult to 
infer which data points are most likely to be in error.
As the exclusion method was based on z-scores, the 
validity of measurements for children missing height, 
weight or age could not be assessed (since z-scores 
could not be calculated). Thus, children missing 
data for any of these variables were not included in 
analyses. After the exclusion processes, the final sample 
included around 1000 BMI z-score measurements in 
each wave, representing 81–95% of all the BMI z-score 
measurements originally recorded. 
Discussion
The processes outlined in this paper were designed 
to allow most of the dataset’s original variability to be 
maintained, and to only exclude data points with a 
relatively high probability of representing measurement 
error. As a result, more data points fall at either extreme 
end of the BMI distribution than would be expected in a 
normal distribution. This effect persists through the fourth 
wave of the study, when the accuracy of data collection is 
presumed to have been improved. This likely represents 
the heterogeneity of weight status among the Australian 
Aboriginal and Torres Strait Islander population, which 
has been documented in other studies.26−28
From the original sample, anthropometric data for 
Torres Strait Islander (compared to Aboriginal) children 
and for children from areas with the highest levels of 
remoteness are under-represented. This should be 
considered when undertaking analyses of these data; 
however, given that LSIC data are not intended to 
be representative of the entire Australian Indigenous 
population, this should not discourage the use of these 
data, particularly for the conduct of internal comparisons 
or longitudinal analyses. The anthropometric data in LSIC 
constitute the largest available source of information 
about the longitudinal growth of a geographically diverse 
sample of Australian Aboriginal and Torres Strait Islander 
children.
The use of height, weight and BMI z-scores 
has associated limitations. The reference used for 
standardisation varies across studies; some researchers 
promote the use of references that are specific to factors 
such as ethnicity or country. However, research has 
shown that the variability in height and weight across 
countries or ethnicities is insignificant in comparison 
with the variability attributable to socioeconomic status, 
health and nutrition.14 Indigenous Australian children 
have demonstrated a similar growth potential to non-
Indigenous Australian children29; thus, a reference 
specific to Indigenous Australians is unnecessary. The 
use of the WHO reference has considerable support 
across settings, particularly for the Australian Indigenous 
population.30 
Conclusion
This paper outlines an a priori approach for assessing 
the plausibility of anthropometric data in a longitudinal 
study, and identifying measurements that are likely to 
be errors. The LSIC team accepted this approach for 
identifying implausible data, resulting in the release, in 
2012, of ‘cleaned’ data for public use for the first time.31 
This approach will allow children and their families to 
realise benefit from their participation in the measurement 
process. The approach documented here has been 
adapted by the DSS into an iterative program to enable 
the automatic evaluation of future waves of data; the 
fifth wave of data was cleaned using this program and 
released in April 2014 with Release 5.0. 
Although it is not possible to directly evaluate the 
accuracy of these measurements, short of revisiting 
and re-measuring each queried individual, this method 
presents a probabilistic model to identify implausible 
measurements for exclusion. This protocol builds on the 
available literature and guidelines, and considers the 
clinical significance. 
This protocol is not intended to displace the critical 
importance of accurate measurement techniques, 
but rather enables the improvement in accuracy of 
anthropometric data that have been collected. This 
protocol is systematic, practical and intended to be 
reproducible in other settings, including for the verification 
of large databases. Although Noel et al. state that “The 
massive volume of data that is typically available limits the 
capacity to develop algorithms to eliminate errors”5, this 
paper presents an approach, based on WHO standards 
and the available evidence, to systematically eliminate 
less plausible measurements and trajectories in a dataset 
with more than 4000 measurements.
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On the right track: Body mass index of 
children in Footprints in Time
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Weight status is an important measure of a child’s 
wellbeing and serves as an indicator of the risk 
of developing chronic disease, such as diabetes, 
cardiovascular disease, and renal disease, in adulthood 
(Singh et al. 2008; Deckelbaum & Williams 2012; Flynn 
et al. 2005; Hossain et al. 2007; Gracey & King 2005). 
The prevalence of chronic disease is elevated among 
Indigenous, compared to non-Indigenous Australians, and 
is responsible for two-thirds of the gap in their respective 
health outcomes (Australian Health Ministers’ Advisory 
Council 2012). Although substantial evidence has linked 
these deleterious health outcomes in adulthood to being 
overweight in childhood, no current national data exist on 
the prevalence of overweight or obesity among Aboriginal 
and Torres Strait Islander children (Australian Health 
Ministers’ Advisory Council 2012).
This research gap results from the lack of large-scale 
studies examining the growth of Indigenous children 
(Grove et al. 2003; Sanson-Fisher et al. 2006; Priest et 
al. 2009; Lake 1992; Humphery 2000). Although not a 
representative sample, Footprints in Time represents a 
valuable resource, with longitudinal measurements of the 
height and weight of Aboriginal and Torres Strait Islander 
children across the country. This dataset provides the 
opportunity to examine the distribution of body mass index 
(BMI) among Indigenous children from a wide range of 
environments, to explore changes in body composition as 
children grow, and to identify factors associated with the 
development of overweight and obesity.
This article addresses the following questions using the first 
four waves of height and weight measurements recorded 
in Footprints in Time:
1. What is the prevalence of underweight, healthy weight, 
overweight, and obesity in the Footprints in Time 
sample?
2. How does BMI track throughout childhood among 
Footprints in Time children?
3. How does childhood BMI status vary by demographic 
factors?
These findings may help guide the development of 
interventions targeted at healthy weight generally, and 
in particular decreasing the development of obesity in 
childhood and therefore the incidence of chronic disease 
in adulthood. 
Definitions and methods
Body mass index 
It is rarely possible to directly measure body fat 
percentage in a large-scale study, so BMI is used as a proxy 
for level of body fat, classifying children into categories of 
underweight, healthy weight, overweight, and obese (Cole 
et al. 2007; De Onis & Lobstein 2010). BMI is calculated by 
taking a child’s weight (in kilograms) and dividing it by the 
square of their height (in metres). For adults over the age 
of 19 years old, the interpretation of BMI values is constant; 
however, for children the meaning of BMI varies with age 
as body proportions shift, and thus BMI must be interpreted 
in the context of age (De Onis & Lobstein 2010; World 
Health Organization [WHO] 1995). 
BMI z-score
The World Health Organization (WHO) has created 
reference values for BMI in the Multicentre Growth 
Reference Study, using a sample of 8,440 healthy, 
breastfed infants from six countries (WHO 2006). Individual 
BMI values can be compared to this reference to provide 
an indication of how different a child’s BMI is from the 
reference population of children of the same age 
and gender. This can be quantified using z-scores: the 
difference between the child’s BMI score and the median 
reference value is divided by the standard deviation of the 
reference value. These z-scores are useful on a population 
level and can provide an indication of a child’s weight 
status at the individual level; however, given individual 
variation in body composition, these z-scores should not be 
used to make inferences about a child’s nutrition or health 
status without further clinical investigation (World Health 
Organization [1995). 
Defining underweight, healthy weight, 
overweight, and obesity
Ideally, the BMI z-score values used to identify the 
boundaries between underweight, healthy weight, 
overweight, and obesity would be chosen to reflect the 
BMI z-scores at which weight-related health risks increase. 
However, it is difficult to determine these values, especially 
given the time lag before these negative outcomes occur 
(Cole et al. 2000; Flegal et al. 2006). Thus, cut-off points 
based on statistical distributions are used. References 
are based on a normal distribution, with 68.3 per cent 
of the reference population falling within one standard 
deviation of the mean (with a z-score between -1 and 
+1), 95.5 per cent falling within two standard deviations 
of the mean (with a z-score between -2 and +2), and 
99.7 per cent falling within three standard deviations of 
the mean (with a z-score between -3 and +3). A child with 
a z-score of +1, +2 or +3 would have a BMI in the highest 
15.9 per cent, 2.3 per cent or 0.1 per cent, respectively, of 
the reference population of children of the same age and 
gender. Similarly, a child with a z-score of -1, -2 or -3 would 
have a BMI in the lowest 15.9 per cent, 2.3 per cent or 
0.1 per cent, respectively.
Separate standards have been implemented for children 
under 5 and children over 5 years of age, given the 
disparate health impact of ‘excess’ weight during different 
phases of childhood growth (De Onis & Lobstein 2010). 
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The International Task Force on Obesity has set z-score 
cut-off points of -2 for underweight, +1 for overweight and 
+2 for obese, for children 5 to 19 years of age. For children 
less than 5 years of age, the cut-off points for overweight 
and obesity are more conservative; -2 remains the cut-off 
point for underweight, but +2 is used as the cut-off point for 
overweight, and +3 is used as the cut-off point for obese 
(Cole et al. 2007; De Onis & Lobstein 2010).
Validity of the height and weight data 
The need for cleaning of height and 
weight data
Although over 1,000 children participated in the 
measurement process in each of the first four waves of 
the study, the height and weight data were not made 
publicly available until December 2012 with Footprints 
in Time Release 3.1, due to concerns over data quality 
(Department of Families, Housing, Community Services 
and Indigenous Affairs 2012). There was a high prevalence 
of missing and implausible data, as well as implausible 
variation within sequential measurements of the same 
child. It was essential to ensure the validity of these data 
prior to conducting analyses, to ensure that findings 
correctly reflect the status of the children involved. 
Footprints in Time Research Administration Officers (RAOs) 
have acknowledged the difficulty of accurately measuring 
height and weight, particularly due to technological 
and environmental limitations. Using methods based on 
WHO protocols and incorporating insight gained from 
conversations with RAOs, implausible measurements were 
identified for exclusion (Thurber 2012). The proportion of 
recorded BMI z-scores deemed implausible decreased 
from 19.3 per cent (n = 238) in wave 1 to 5.1 per cent  
(n = 63) in wave 4. Across waves, with the improvement of 
measuring equipment and the formation of a relationship 
of trust between the participating families and the 
Footprints in Time RAOs, the amount of missing data has 
reduced and the reliability of data has improved. For 
further details about the methods for cleaning the data, 
refer to Thurber, 2012.
Potential biases in missing and implausible 
measurements
There do not appear to be any systematic differences 
in the baseline BMI z-scores of children with implausible 
or missing BMI z-scores at future waves, suggesting that 
children’s BMI did not influence their willingness to be 
measured or the accuracy of their measurements. 
There was no significant difference in the prevalence of 
missing BMI z-scores by gender, reporting of the child’s 
general health, reporting of the family’s weekly income, 
or the highest education qualification obtained by the 
primary carer. 
Several demographic factors were, however, significantly 
associated with the number of missing BMI z-scores. First, 
the mean number of waves with missing BMI z-scores per 
child increased with increasing isolation, from 1.14 in urban 
areas to 1.40 in areas with low isolation, 1.65 in areas with 
moderate isolation, and 1.75 in areas with high/extreme 
isolation. Second, children who identified as Torres Strait 
Islander (or as Aboriginal and Torres Strait Islander) had a 
higher mean number of missing BMI z-scores than children 
who identified as Aboriginal only. 
These differences should be considered when drawing 
conclusions from these data, as the existing BMI z-scores 
may not fully represent the entire sample of Footprints in 
Time children. The inability of RAOs to transport the heavy 
measuring equipment to some of the remote, hard-to-
reach sites might underlie some of these findings, as these 
sites have both the highest level of isolation and the 
highest proportion of Torres Strait Islander children.
Although the prevalence of missing and implausible 
data is high in Footprints in Time, these data do represent 
a valid and important source of information about the 
growth of two cohorts of Indigenous Australian children. 
The proportion of the total sample surveyed with plausible 
BMI z-scores recorded increased from 59.6 per cent in 
wave 1 (n = 996) to 79.3 per cent in wave 2 (n = 1,207), 
81.8 per cent in wave 3 (n = 1,149), and 91.2 per cent in 
wave 4 (n = 1,170). Findings based on these data should 
take into account the improvement in measurement 
accuracy across waves of the study and the 
underrepresentation of BMI z-scores for Footprints in Time 
children from areas of high/extreme isolation and Torres 
Strait Islander children.
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The prevalence of underweight, healthy 
weight, overweight, and obesity
The mean BMI z-score for both cohorts at each wave 
was greater than 0 (see Table 33), demonstrating that the 
Footprints in Time sample had a higher BMI than the WHO 
reference group. For the younger cohort, the mean BMI 
z-score (1.18) was more than a full standard deviation 
above the mean of the WHO reference population at 
the first wave; the mean decreased across waves, but 
remained 0.30 standard deviations above the reference 
median at the fourth wave. The mean BMI z-score for the 
older cohort was lower than that of the younger cohort 
at each wave, at 0.57, 0.23, 0.19 and 0.26 in waves 1, 2, 3 
and 4, respectively. The elevated mean BMI z-score 
demonstrates that the overall sample has a higher mean 
BMI than the reference population, but the proportion of 
the sample falling into each weight category should also 
be examined.
For both cohorts, the majority of children (between 
63.3 per cent and 86.0 per cent) fell into the healthy 
weight range at each wave (see Table 34). The highest 
prevalence of healthy weight (86.0 per cent) was 
observed in the younger cohort in wave 4, followed by the 
younger cohort in wave 3 (83.8 per cent) and the older 
cohort in wave 1 (81.4 per cent). 
The prevalence of overweight and obesity in the Footprints 
in Time sample was strikingly high in the first wave for the 
younger cohort, at 32.1 per cent. It decreased across 
subsequent waves, to 22.3 per cent in the second wave, 
Table 33: Mean BMI z-score and 95 per cent confidence interval (CI) for each wave and cohort
Younger cohort Older cohort
Wave # of children
Mean BMI 
z-score
95 per cent
CI for mean 
BMI z-score # of children
Mean BMI 
z-score
95 per cent
CI for mean 
BMI z-score
1 545 1.18 (1.03, 1.32) 451 0.57 (0.43, 0.71)
2 677 0.63 (0.49, 0.76) 530 0.23 (0.09, 0.38)
3 656 0.49 (0.39, 0.60) 493 0.19 (0.06, 0.32)
4 676 0.30 (0.20, 0.41) 494 0.26 (0.13, 0.39)
Table 34: Distribution of underweight, healthy weight, overweight and obese for each wave and cohort
Age 
(years) Wave
# of 
children
Underweight Healthy weight Overweight Obese
n
Per 
cent n
Per 
cent n
Per 
cent n
Per 
cent
Younger cohort
0.5-1.5 1 545 25 4.6 345 63.3 101 18.5 74 13.6
1.5-2.5 2 677 54 8.0 472 69.7 106 15.7 45 6.7
2.5-3.5 3 656 27 4.1 550 83.8 58 8.8 21 3.2
3.5-4.5 4 676 29 4.3 581 86.0 42 6.2 24 3.6
Older cohort
3.5-4.5 1 451 17 3.8 367 81.4 32 7.1 35 7.8
4.5-5.5 2 530 53 10.0 360 67.9 74 14.0 43 8.1
5.5-6.5 3 493 26 5.3 346 70.2 76 15.4 45 9.1
6.5-7.5 4 494 23 4.7 342 69.2 70 14.2 59 11.9
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12.0 per cent in the third wave, and 9.8 per cent in the 
fourth wave. The older cohort demonstrated the opposite 
pattern: the prevalence of overweight and obesity 
was low in the first wave of the study at 14.9 per cent, 
increasing to 22.1 per cent in wave 2, 24.6 per cent in 
wave 3 and 26.1 per cent in wave 4. The inconsistent 
prevalence of overweight and obesity for both cohorts 
in the first wave of the study, compared to later waves, 
may be attributable to the decreased accuracy of 
height measurements in the first wave, resulting from the 
measuring equipment used. The trends across the later 
waves show more consistency, suggesting greater reliability.
Examining each cohort at age 3½ to 4½ years (the older 
cohort in wave 1 and the younger cohort in wave 4), 
there was a decrease in the prevalence of overweight 
and obesity between the older cohort in 2008-09 (at 
7.1 per cent and 7.8 per cent, respectively) and the 
younger cohort in 2011 (at 6.2 per cent and 3.6 per cent, 
respectively). It is unclear whether this reflects a secular 
trend towards a decreasing prevalence of overweight and 
obesity in children aged 3½ to 4½ years across Australia, as 
has been described in Victoria by Nichols and colleagues 
(Nichols et al. 2011), whether it results from the selection 
of the two Footprints in Time cohorts, or whether it is an 
artefact of the lower reliability of height measurements 
at the first wave of the study. These findings contrast those 
observed in the Longitudinal Study of Australian Children 
(LSAC), a similarly-designed survey of two cohorts of 
predominantly non-Indigenous children aged 2 to 9 years. 
In this survey, Wake and Maguire observed an increase in 
the prevalence of overweight and obesity between the 
two cohorts of 4- to 5-year-olds, from 20.6 per cent among 
the older cohort in 2004 to 23.6 per cent among the 
younger cohort in 2008 (Wake & Maguire 2011). This trend 
can be monitored in Footprints in Time as further waves of 
data are collected.
The change in the cut-off point for overweight and 
obesity at age 5 years needs to be considered in the 
interpretation of trends across waves and cohorts: the 
categorisation of a child may change as they move 
to the older age group, despite maintaining the same 
BMI z-score. Twenty four children (3.6 per cent) from the 
younger cohort were older than 5 years at the fourth 
wave of the study, and thus were subject to the less 
conservative cut-off points. Similarly, 25 children in the 
older cohort were over 5 years of age at the first wave 
of the study (5.5 per cent of the cohort), increasing to 
265 children (50.0 per cent of the cohort) in the second 
wave, 483 children (98.0 per cent of the cohort) in the 
third wave, and 494 children (100.0 per cent of the cohort) 
in the fourth wave. As might be expected, given the 
lower cut-off points, the prevalence of overweight and 
obesity increased parallel to the increasing proportion of 
the cohort that is over the age of 5 years. Although the 
disjuncture in the cut-off points is not ideal for interpreting 
longitudinal results, it is the best way to reflect the 
changing relationship between BMI and age throughout 
childhood (De Onis & Lobstein 2010).
Overall, the prevalence of underweight was low in 
Footprints in Time. For the younger cohort, the prevalence 
of low BMI ranged from 4.6 per cent in wave 1 to 
8.0 per cent in wave 2, 4.1 per cent in wave 3, and 
4.2 per cent in wave 4. A similar trend was observed within 
the older cohort, with a 3.8 per cent prevalence of low BMI 
in wave 1, 10.0 per cent in wave 2, 5.3 per cent in wave 3, 
and 4.7 per cent in wave 4. The elevated prevalence 
of underweight for both cohorts of children in wave 2, 
compared to previous and subsequent waves, should be 
interpreted with caution, as these inconsistent findings may 
represent a systematic bias in measurement (such as the 
underestimation of weight or the overestimation of height) 
in this wave. In the other three waves, the prevalence of 
underweight among the Footprints in Time children ranged 
from 3.8 to 5.3 per cent; this is similar to LSAC, in which 
the prevalence of underweight fell between 5.1 and 
6.6 per cent in each cohort across waves. The expected 
prevalence of underweight in a population is 2.3 per cent, 
given the definition of the cut-off point for underweight; 
although higher than expected for a population, the 
prevalence in Footprints in Time is lower than previously 
described in the literature, particularly in remote areas 
(Gracey & King 2009; McDonald et al. 2008).
The similarity between the Footprints in Time and LSAC 
cohorts varied with age (Wake & Maguire 2011). Among 
younger children (aged 1½ to 3½ years in Footprints 
in Time and 2 to 3 years in LSAC), the prevalence of 
overweight was higher in the LSAC sample. Among 
older children (aged 5½ to 7½ years in Footprints in Time 
and 6 to 7 years in LSAC), however, the prevalence of 
overweight was higher in the Footprints in Time sample. The 
prevalence of obesity was similar among younger children 
in Footprints in Time and LSAC (at 5.0 and 4.8 per cent, 
respectively), but for older children the prevalence of 
obesity was much higher in the Footprints in Time, versus 
LSAC, sample (at 10.5 and 5.9 per cent, respectively). 
This elevated prevalence of overweight and obesity 
among the older children in Footprints in Time is reason for 
concern. Although the prevalence of obesity in the older 
cohort increased across waves in both studies, the initial 
prevalence was much higher for the Footprints in Time 
sample, and it remained higher across subsequent waves, 
nearly approaching the prevalence of overweight. Studies 
have consistently shown that childhood overweight tracks 
into adulthood; this effect strengthens with increasing 
magnitude of overweight, suggesting that obese children, 
compared to overweight children, face an even higher 
risk of maintaining their weight status through adulthood 
(Singh et al. 2008). 
The tracking of BMI status through childhood
A child’s BMI z-score can vary significantly throughout 
childhood. Although many children move between 
BMI categories, fluctuation decreases with increasing 
age. The correlation between a child’s BMI z-scores at 
two successive waves is high in Footprints in Time, and 
becomes stronger in later waves (with a maximum 
correlation of 0.56 between BMI z-scores at the third and 
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Table 35:  Stability of BMI category between wave 3 and wave 4 for the younger cohort
Younger cohort BMI category in wave 4
BMI category  
in wave 3
Low BMI-for-age Healthy BMI-for-age
High BMI-for-age 
(overweight or obese)
n Per cent n Per cent n Per cent
Low BMI-for-age 2 15.4 11 84.6 0 0.0
Healthy BMI-for-age 13 3.2 370 91.8 20 5.0
High BMI-for-age 
(overweight or obese)
0 0.0 29 50.9 28 49.1
Note: Only includes children who are under five years of age at both waves to enable the use of consistent cut-off points.
Table 36: Stability of BMI category between wave 3 and wave 4 for the older cohort
Older cohort BMI category in wave 4
BMI category  
in wave 3
Low BMI-for-age Healthy BMI-for-age
High BMI-for-age 
(overweight or obese)
n Per cent n Per cent n Per cent
Low BMI-for-age 6 31.6 13 68.4 0 0.0
Healthy BMI-for-age 10 3.9 220 85.3 28 10.9
High BMI-for-age 
(overweight or obese)
0 0.0 21 23.6 68 76.4
Note: Only includes children who are OVER five years of age at both waves to enable the use of consistent cut-off points (excludes 10 
children in wave 3).
fourth waves for the older cohort, p<0.001). Thus, if a child 
is overweight at one wave, he or she faces a high risk of 
being overweight at the next wave, and this becomes 
increasingly true as children grow older. For example, 
within the younger cohort, 50.9 per cent of children 
classified as overweight or obese in wave 3 moved into 
the healthy weight category by the next wave; the 
other 49.1 per cent remained classified as overweight or 
obese (see Table 35). In contrast, in the older cohort, only 
23.6 per cent of children classified as overweight or obese 
at wave 3 gained a healthy weight status by the fourth 
wave; 76.4 per cent remained in the overweight or obese 
category (see Table 36). Although a similar proportion 
of healthy weight children in each cohort dropped to 
the underweight category between the third and fourth 
waves of the study, the proportion moving from healthy 
weight to overweight or obese was more than twice as 
high in the older versus younger cohort (at 10.9 per cent 
and 5.0 per cent, respectively). 
These results show that not only are children in Footprints 
in Time more likely to develop overweight or obesity 
with increasing age, but with increasing age it becomes 
more difficult to get on track towards a healthy 
weight. This underlies the importance of implementing 
preventive measures at early age, to avoid the 
development of overweight.
The association between BMI status and 
demographic factors 
Indigenous identity, gender and age
BMI z-scores did not vary significantly by the child’s 
identification as Aboriginal, Torres Strait Islander, or 
Aboriginal and Torres Strait Islander (p>0.05 for each one-
way analysis of variance (ANOVA) for either cohort at any 
wave. There was also no significant difference for males 
versus females (p>0.05 for each two-sample t-test with 
equal variance); however, it should be noted that this is 
largely because the z-scores are adjusted for gender. In 
both cohorts, the mean BMI z-score decreased with age; 
however, within the overlapping age range for the two 
cohorts (3½ to 4½ years), the mean BMI z-score was higher 
for the older cohort.
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Table 37: Distribution of BMI categories in wave 4 for the younger cohort, by LORI
Younger cohort BMI category in wave 4
LORI
Low BMI-for-age Healthy BMI-for-age
High BMI-for-age: 
overweight
High BMI-for-age: 
obese
n Per cent n Per cent n Per cent n Per cent
Urban 3 1.7 154 84.6 15 8.2 10 5.5 
Low 9 3.1 252 86.9 20 6.9 9 3.1 
Moderate 8 8.3 80 83.3 4 4.2 4 4.2 
High / Extreme 2 4.4 41 91.1 2 4.4 0 0.0 
Table 38: Distribution of BMI categories in wave 4 for the older cohort, by LORI
Older cohort BMI category in wave 4
LORI
Low BMI-for-age Healthy BMI-for-age
High BMI-for-age: 
overweight
High BMI-for-age: 
obese
n Per cent n Per cent n Per cent n Per cent
Urban 5 3.8 86 65.7 19 14.5 21 16.0
Low 6 2.8 154 72.0 37 17.3 17 7.9
Moderate 5 10.2 36 73.5 5 10.2 3 6.1
High / Extreme 5 10.9 29 63.0 5 10.9 7 15.2
Level of relative isolation
There was significant variation in BMI z-score by level of 
relative isolation (LORI); at each wave, BMI z-scores were 
significantly higher for children from less isolated (urban 
or low isolation) areas compared with more remote 
(moderate or high/extreme isolation) areas (p<0.001 
for each two-sample t-test with equal variances). In the 
fourth wave of the study, the prevalence of overweight 
among the younger cohort decreased from 8.2 per cent 
to 4.4 per cent, and the prevalence of obesity from 
5.5 per cent to 0.0 per cent, with increasing isolation (see 
Table 37). 
There was not a clear cut trend in weight status by LORI for 
the older cohort; the prevalence of overweight exceeded 
10.0 per cent in all four LORIs, but the prevalence of 
obesity in urban areas and areas of highest isolation 
was around twice as high as that in areas with low or 
moderate isolation (see Table 38). In areas with moderate 
and high/extreme isolation, there was a high prevalence 
of underweight (10.2 and 10.9 per cent, respectively) 
alongside a high prevalence of overweight (10.2 and 
10.9 per cent, respectively), with an additional 6.1 and 
15.2 per cent, respectively, of children categorised as 
obese. Among children living in urban areas or areas with 
low isolation, the prevalence of underweight was lower, 
at 3.8 per cent and 2.8 per cent, respectively, but the 
prevalence of overweight was very high, at 14.5 per cent 
and 17.3 per cent. Although the prevalence of overweight 
was lower in urban areas compared with areas with low 
isolation, the prevalence of obesity was more than double, 
at 16.0 per cent as opposed to 7.9 per cent.
Specific factors contributing to the elevated rates of 
obesity among children in the older cohort living in the 
most urban and the most isolated environments need 
to be examined. Data from future waves of Footprints 
in Time should be explored to see if the younger cohort 
demonstrates this same trend. Additionally, further research 
is needed to investigate factors associated with the 
elevated prevalence of underweight among Footprints in 
Time children in the more remote areas.
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Summary
These height and weight data from Footprints in Time 
provide a wealth of information about the growth of 
Aboriginal and Torres Strait Islander children. Examination 
of BMI z-scores reveals that the majority of children in 
Footprints in Time fall within the healthy range for BMI 
and that the overall prevalence of underweight in the 
sample is low. Within areas of moderate and high/extreme 
isolation, however, the prevalence of underweight is 
elevated, particularly in the older cohort, alongside a high 
prevalence of overweight and obesity. Among Footprints in 
Time children living in the more urban areas, underweight 
is less common, but there is a large burden of overweight 
and obesity. 
Although the majority of the children participating in 
Footprints in Time have a healthy BMI, the prevalence of 
both obesity and underweight is a cause for concern. 
Factors associated with obesity, particularly in the most 
urban and the most isolated areas, need to be explored. 
Additionally, further research is needed to examine factors 
associated with the elevated prevalence of underweight 
among Footprints in Time children in the more remote 
areas. Underweight and overweight may reflect, among 
other causes, a diet with insufficient nutritional value to 
allow optimal development and learning (Browne et al. 
2009; Gracey 2000; Han et al. 2010). The psychosocial 
impacts of overweight and obesity (including negative 
self-esteem, withdrawal, depression and anxiety) can also 
be severe and long-lasting. The impact of weight status on 
health and wellbeing in later childhood and adolescence 
can be investigated with future surveys of the Footprints in 
Time cohorts.
Given the observed tracking of weight status through 
childhood, and research demonstrating the tracking 
of childhood obesity into adulthood, it is important to 
implement interventions to prevent the initial development 
of overweight and obesity. Interventions aimed at 
preventing overweight and obesity in young children may 
promote wellbeing in childhood and assist in reducing the 
prevalence of obesity in adulthood, thereby reducing the 
burden of chronic disease. Ensuring that children maintain 
a healthy weight throughout their youth will improve their 
health as adults.
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Abstract
Aboriginal and Torres Strait Islander Australians are more likely than non-Indigenous Aus-
tralians to be obese and experience chronic disease in adulthood—conditions linked to
being overweight in childhood. Birthweight and prenatal exposures are associated with in-
creased Body Mass Index (BMI) in other populations, but the relationship is unclear for In-
digenous children. The Longitudinal Study of Indigenous Children is an ongoing cohort
study of up to 1,759 children across Australia. We used a multilevel model to examine the
association between children’s birthweight and BMI z-score in 2011, at age 3-9 years, ad-
justed for sociodemographic and maternal factors. Complete data were available for 682 of
the 1,264 children participating in the 2011 survey; we repeated the analyses in the full sam-
ple with BMI recorded (n=1,152) after multilevel multiple imputation. One in ten children
were born large for gestational age, and 17% were born small for gestational age. Increas-
ing birthweight predicted increasing BMI; a 1-unit increase in birthweight z-score was asso-
ciated with a 0.22-unit (95% CI:0.13, 0.31) increase in childhood BMI z-score. Maternal
smoking during pregnancy was associated with a significant increase (0.25; 95% CI:0.05,
0.45) in BMI z-score. The multiple imputation analysis indicated that our findings were not
distorted by biases in the missing data. High birthweight may be a risk indicator for over-
weight and obesity among Indigenous children. National targets to reduce the incidence of
low birthweight which measure progress by an increase in the population’s average birth-
weight may be ignoring a significant health risk; both ends of the spectrum must be consid-
ered. Interventions to improve maternal health during pregnancy are the first step to
decreasing the prevalence of high BMI among the next generation of Indigenous children.
Introduction
Aboriginal and Torres Strait Islander Australians experience severe health inequities; their av-
erage life expectancy is around a decade shorter than that of non-Indigenous people [1]. Two-
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thirds of this disparity has been attributed to the burden of chronic diseases [2]. Attempts to re-
duce this gap and the burden of chronic disease have thus far been unsuccessful. Better and ear-
lier prevention strategies are required [3]. Birthweight, as well as prenatal and early postnatal
influences, may place infants on a trajectory to develop chronic disease in adulthood. It is criti-
cal to understand these early influences to improve health outcomes.
A strong link exists between childhood weight status and the development of chronic dis-
eases in adulthood [4]. Preventing the gain of excess weight in childhood presents an opportu-
nity to intervene and prevent the development of chronic diseases. Aboriginal and Torres
Strait Islander people are significantly more likely to be obese than non-Indigenous people at
almost every age, including childhood [5], and the gap may be widening [6]. In 2012–13, 6.0%
of Aboriginal and Torres Strait Islander children aged 2–4 years and 11.2% of those 5–9 years
were obese, compared to 5.1% and 7.6% of non-Indigenous children in the respective age
groups in 2011–12 [5].
Examination of the link between birthweight and childhood weight ‘has immediate rele-
vance’ [3p. 1662] for the Aboriginal and Torres Strait Islander population, given the elevated
rates of low birthweight [7], obesity, and chronic diseases [2, 5]. This link has been explored
within other populations [8], but current evidence about the association, particularly concern-
ing high birthweight, for Aboriginal and Torres Strait Islander Australians is inconclusive [3,
9] with most research focused on the impacts of low birthweight. Around 18,000 Aboriginal
and Torres Strait Islander children are born in Australia annually [10]. Given the different cul-
tural context, setting, maternal health profile, and health burden, it is necessary to confirm this
relationship within Aboriginal and Torres Strait Islander children in order to inform improve-
ments to child health.
To better understand the association between prenatal exposures, birthweight—across the
whole spectrum—and childhood Body Mass Index (BMI), we examined data from the Longitu-
dinal Study of Indigenous Children (LSIC), a prospective national cohort study of Aboriginal
and Torres Strait Islander children in Australia. We hypothesised that birthweight z-score
would predict BMI z-score, and that an independent association would persist after adjustment
for potential confounders.
Materials and Methods
Study Population: the Longitudinal Study of Indigenous Children (LSIC)
LSIC is a national longitudinal study aimed to increase understanding about the development
and wellbeing of Aboriginal and Torres Strait Islander children. The study is managed by the
Australian Government Department of Social Services (DSS). At the time of this study (2013),
LSIC had collected four waves of data on up to 1,759 Aboriginal and Torres Strait Islander
children across Australia, representing 5–10% of the population of that age (Fig 1). Purposive
sampling was used to recruit children from 11 diverse sites; the sampling design, and its impli-
cations for analyses, has been described elsewhere [11, 12]. In this study, we examined data
from 1,264 children participating in Wave 4, collected in 2011.
Data and variables
Indigenous Area. For protection of privacy, LSIC does not release data on the site from
which children were sampled, but they provide randomised codes for the Indigenous Area
(IARE) in which each child resides. IARE is an Australian Bureau of Statistics measure of spa-
tial location (comparable to the Statistical Area 3 for the overall Australian population) [13],
and each Area represents a smaller geographic unit than the 11 non-disclosed sampling sites.
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This measure allows for children living in the same geographic area to be grouped together and
has been demonstrated to effectively account for the study’s clustered sampling design [12].
Outcome variable. LSIC interviewers measured the weight and height of children at each
wave of the study. At Wave 4, Homedics model SC-305-AOU-4209 digital scales were used to
weigh children, and Soehnle professional Model 5003 stadiometers were used to measure their
Fig 1. Flow chart of the LSIC study population. * These numbers refer to interviews with the primary carer.
doi:10.1371/journal.pone.0130039.g001
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standing height. If parents and carers were uncomfortable having their children weighed or
measured, the most recent measurements were taken from their child’s health record book
(0.5% of measurements in Wave 4). To improve the validity of the data, a cleaning method
based on WHO standards and protocols was developed and employed [14]. Plausible measure-
ments were recorded for 91.1% of the sample (n = 1,152/1,264).
Metric measurements were used to calculate each child’s BMI (kilograms/metres2). We cal-
culated BMI z-scores, specific to age and sex, using the World Health Organization interna-
tional reference [15, 16]. We used continuous BMI z-score as the primary outcome because an
increase in BMI z-score, even within the normal range, is associated with increased risk of
chronic disease in adulthood [17, 18]. Where appropriate, we have used BMI z-scores to cate-
gorise children as underweight, normal weight, overweight, or obese based on the age-specific
BMI cut-off points [16]. These BMI cut-off points were derived to link to the corresponding
BMI cut-offs in adults [19]. More conservative cut-off points are used to define overweight and
obesity for children5 years of age, compared to those 5–18 years of age, due to the potentially
different implications of ‘excess’ weight for children undergoing different stages of growth
[19]. Participants missing data on BMI z-score were excluded (n = 112/1,264) from analyses,
leaving 1,152 children for this study.
Predictors. The child’s birth mother was asked to provide the child’s birth weight and ges-
tational age from the child’s health book (‘Baby Book’) at the first Wave of the study. If mothers
could not access the Baby Book, they were asked to report this information from memory (19%
of recorded birth weights).
We calculated birthweight z-scores, adjusted for gestational age and sex, to disentangle the
effects of gestational age and foetal growth rate [20, 21]. We used a national reference of Aus-
tralian singleton births from 1998 to 2007 for standardisation [22]; thus our analyses were
restricted to singleton births (excluding 19 children). The use of a continuous scale for birth-
weight, rather than categories based on arbitrary cut-offs, enables representation of the magni-
tude of the deviance from the expected birthweight. Birthweight z-scores have demonstrated
improved prediction of BMI compared to raw birthweight, even when adjusted for gestational
age [23]. Plausible birthweight z-scores were recorded for 74.7% of the sample with recorded
BMI z-score (n = 861/1,152).
In the absence of a nationally agreed definition, cut-off points of z = -1.28 and z = +1.28
were used in alignment with defined percentile cut-offs, to categorise children as small for
gestational age (SGA, falling in the lowest decile of births for gestational age and gender), ap-
propriate for gestational age (AGA), and large for gestational age (LGA, falling in the highest
decile).
Potential confounders. We included the child’s age group (categorised as 3–4, 4–5, 5–7,
or 7–9 years), sex (male or female), and Indigenous identification (self-reported identification
as Aboriginal, Torres Strait Islander, or both). Although Aboriginal and/or Torres Strait Island-
er people are often grouped together as ‘Indigenous’, they represent distinct groups and were
considered separately.
We examined area-level socioeconomic status as well as maternal factors known to be asso-
ciated with birthweight or childhood BMI through a physiological mechanism: smoking, diabe-
tes, and weight gain during pregnancy. These factors were chosen to be consistent with other
research in this area. The aim was not to be exhaustive, but to examine if the inclusion of these
variables altered the association between birthweight and BMI.
Maternal smoking during pregnancy was determined based on mothers’ response to the
question, ‘After finding out you were pregnant with (STUDY CHILD) did you smoke any ciga-
rettes during the pregnancy?’Mothers were recorded as having diabetes in pregnancy if they
reported having ‘Diabetes or sugar problems’ or taking any ‘Sugar diabetes medication/insulin’
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during the child’s pregnancy. Mothers were asked, ‘During your pregnancy, did your doctor or
nurse tell you that your weight gain was too much, okay or not enough?’ Responses were cate-
gorised as ‘too much’ or ‘okay or not enough’ weight gain; data were coded as missing if the
mother did not speak to a doctor or nurse about weight gain.
We measured current (Wave 4) area-level socioeconomic status using the Index of Relative
Indigenous Socioeconomic Outcomes (IRISEO). IRISEO is based on nine measures of socio-
economic status (including employment, education, income, and housing), and calculated spe-
cifically for Indigenous Australians [24]. The LSIC sample is relatively evenly distributed across
the IRISEO population deciles. Three categories of area-level disadvantage were created for the
LSIC sample: most advantaged (IRISEO 8–10), mid-advantaged (IRISEO 4–7), and most dis-
advantaged (IRISEO 1–3).
Statistical analysis
Amultilevel approach was employed to account for the survey’s clustered sampling design
[12]. Although LSIC collects longitudinal data, we examined only the most recent measure-
ment of BMI.
BMI z-score was the outcome variable, and birthweight z-score was the primary explanatory
variable. Linearity of the association between birthweight z-score and childhood BMI z-score
was assessed graphically, and a non-linear association was not indicated. The IARE was includ-
ed as a random effect to account for the correlation structure inherent to the LSIC
survey design.
Four models were constructed, with potential confounders added in steps; variables were re-
tained in subsequent models regardless of significance as these were selected for inclusion a pri-
ori. The first model regressed BMI z-score on birthweight z-score, age category, sex, and
Indigenous identification. The second model added the potential physiological confounders to
Model 1, and the third model added area-level disadvantage to Model 1. The final model in-
cluded all variables. The degree of clustering was summarised using the intraclass correlation
coefficient (ICC).
With the exception of BMI, physiological measures were collected via self-report, and were
subject to non-response. The final analysis was based on participants with complete data
(n = 682). Exclusions and the final samples are displayed in Fig 1. As a secondary analysis, to
assess potential biases arising from the complete case analysis, we used multilevel multiple im-
putation (using the program REALCOM-impute [25]) to conduct the same analyses in the
sample providing data on BMI in the Wave 4 of LSIC (n = 1,152). Multiple imputation is a
commonly used approach to help reduce bias or increase precision resulting from missing data
in epidemiological and clinical research [26]. All other analyses were conducted using Stata
version 12.1.
Ethics Statement
The LSIC survey was conducted with ethical approval from the Departmental Ethics Commit-
tee of the Australian Commonwealth Department of Health, and from the Human Research
Ethics Committees of each state and territory. The Australian National University’s Human
Research Ethics Committee granted ethical approval for the current analysis of LSIC in Octo-
ber 2011 (Protocol No. 2011/510).
Results
The mean BMI z-score at Wave 4 (2011) was 0.28 (95% CI:0.19, 0.36). The majority of children
(79.3%) fell within the normal range for BMI, with 4.3% underweight, and 16.4% overweight
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or obese (Table 1). The mean birthweight z-score was -0.17 (95%CI:-0.25, -0.10); 16.5% of the
sample was SGA and 10.6% LGA. Children were relatively evenly distributed across age groups;
the vast majority (n = 1,027) identified as Aboriginal, with 71 identifying as Torres Strait Is-
lander and 54 identifying as both. Around 50% of mothers reported smoking during pregnan-
cy, 6.7% reported diabetes during pregnancy, and 12.2% reported too much weight gain. The
majority lived in areas with mid-level advantage, with 18.7% in the most advantaged and
20.7% in the most disadvantaged areas.
There was a non-significant trend towards decreasing mean BMI z-score with children’s in-
creasing age, but the prevalence of combined overweight and obesity was higher in the older
Table 1. Distribution of Body Mass Index in LSICWave 4 (2011), across potential demographic and physiological confounders. a
n Mean BMI z-score 95% CI % Underweight % Normal weight % Overweight / obese
Total 1,152 0.28 [0.19, 0.36] 4.3 79.3 16.4
Sex
Male 582 0.28 [0.16, 0.39] 4.5 78.7 16.8
Female 570 0.27 [0.16, 0.39] 4.2 79.8 16.0
Age
3–4 years 237 0.36 [0.19, 0.54] 3.4 86.1 10.6
4–5 years 401 0.28 [0.14, 0.41] 4.2 87.0 8.7
5–7 years 245 0.20 [0.02, 0.37] 4.5 73.5 22.0
7–9 years 269 0.26 [0.08, 0.45] 5.2 66.9 27.9
Indigenous identiﬁcation
Aboriginal 1,027 0.27 [0.18, 0.35] 4.4 79.7 16.0
Torres Strait Islander 71 0.43 [0.08, 0.77] 5.6 73.2 21.1
Both 54 0.25 [-0.13, 0.62] 1.9 79.6 18.5
Size for gestational age category
SGA 142 -0.04 [-0.27, 0.18] 5.6 81.0 13.4
AGA 628 0.45 [0.34, 0.55] 2.6 79.1 18.3
LGA 91 0.66 [0.36, 0.97] 4.4 73.6 22.0
Missing 291 -0.06 [-0.23, 0.11] 7.6 80.4 12.0
Diabetes status during pregnancy
No diabetes 987 0.29 [0.21, 0.38] 4.0 80.5 15.6
Diabetes 71 0.64 [0.27, 1.02] 1.4 71.8 26.8
Missing 94 -0.16 [-0.51, 0.18] 10.6 72.3 17.0
Smoking during pregnancy
No 513 0.26 [0.14, 0.38] 3.5 79.9 16.6
Yes 507 0.31 [0.19, 0.44] 4.5 79.5 16.0
Missing 132 0.18 [-0.10, 0.45] 6.8 75.8 17.4
Weight gain during pregnancy
Okay or not enough 767 0.25 [0.15, 0.35] 4.8 79.4 15.8
Too much 107 0.77 [0.48, 1.05] 0.0 71.0 29.0
Missing 278 0.16 [-0.02, 0.33] 4.7 82.0 13.3
Area-level advantage/disadvantage at Wave 1
Most advantaged 215 0.43 [0.23, 0.62] 3.7 78.6 17.7
Mid-advantaged 699 0.41 [0.31, 0.51] 3.0 78.4 18.6
Most disadvantaged 238 -0.27 [-0.45, -0.08] 8.8 82.4 8.8
a Includes only the sample with no missing data on BMI z-score. BMI categories were deﬁned based on WHO standard cut-offs, which are more
conservative for children 5 years compared to >5 years of age [16, 19]. Size for gestational age categories were deﬁned using cut-off points of z = -1.28
and z = +1.28 were used, in alignment with standard percentile cut-offs.
doi:10.1371/journal.pone.0130039.t001
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group. This apparent discrepancy is largely explained by the change in BMI cut-offs at age 5
years [16, 19]. In the younger age group, with more conservative cut-off points, 6.1% of chil-
dren were overweight and 3.6% obese. Among children over 5 years of age, 13.6% were over-
weight and 11.4% obese.
The mean BMI z-score was significantly lower in the most disadvantaged, compared to
more advantaged, areas, and significantly higher among children whose mothers reported
gaining ‘too much’ weight during pregnancy, compared to ‘okay’ or ‘not enough’ weight. The
mean BMI z-score was elevated for children whose mothers reported having diabetes or smok-
ing during pregnancy compared to mothers who did not, but these differences were not signifi-
cant in the bivariate analyses.
In the final multilevel model, there was a significant positive linear association between
birthweight z-score and BMI z-score (Fig 2). The inclusion of the full set of explanatory
Fig 2. The association between BMI z-score, birthweight z-score, demographic factors, and physiological factors. *The final model was adjusted for:
age group; Indigenous identification; maternal diabetes, smoking, and weight gain during pregnancy; and area-level socioeconomic status. See S1 Table for
the results of the preliminary models.
doi:10.1371/journal.pone.0130039.g002
Early Predictors of Increased BMI in Indigenous Australian Children
PLOS ONE | DOI:10.1371/journal.pone.0130039 June 15, 2015 7 / 13
77
variables did not alter the coefficient for birthweight, and improved the fit of the model, al-
though the sample size was reduced. Every 1-unit increase in birthweight z-score was associat-
ed with a 0.22-unit increase in BMI z-score (95% CI:0.13, 0.31). A child born LGA (with a
birthweight z-score of +1.28) would be predicted to have a BMI z-score 0.28 units higher than
a child born at the median, and 0.56 units higher than a child born SGA (with a birthweight z-
score of -1.28).
Smoking during pregnancy was associated with a 0.25-unit increase (95% CI:0.05, 0.45) in
BMI z-score in the full model, and living in a disadvantaged area was associated with a
0.61-unit decrease (95% CI:-0.97, -0.26). Age group, sex, and Indigenous identification were
not significantly associated with BMI z-score. Reporting maternal diabetes or ‘too much’
weight gain during pregnancy was associated with a non-significant increase in BMI z-score
(0.23; 95% CI:-0.17, 0.63 and 0.18; 95% CI:-0.12, 0.48, respectively).
We conducted a sensitivity analysis to compare the complete case analysis to analysis of the
full dataset using multilevel multiple imputation (S1 File), and found relatively consistent re-
sults, suggesting that biases in the missing data did not distort our findings. While the effect of
birthweight did not change substantially, the effect of maternal weight gain and diabetes
was strengthened.
Discussion
This study is the first to examine the relationship between BMI and the whole spectrum of
birthweight among Aboriginal and Torres Strait Islander children. These results suggest that
higher birthweight indicates an increased risk of obesity in childhood and therefore an in-
creased risk of adult onset chronic disease. Due to the focus on low birthweight, high birth-
weight has not yet been considered a risk indicator for Aboriginal and Torres Strait Islander
children. Further, this study identifies smoking during pregnancy as an independent risk factor
for increased BMI in this sample.
Our study demonstrates a positive, linear association between birthweight z-score and BMI
z-score through age 3–9 years in a sample of Aboriginal and Torres Strait Islander children.
The association persisted after adjusting for demographic factors, a set of physiological factors,
and area-level socioeconomic status. A 1-unit change in BMI z-score can represent a shift from
normal weight to overweight, or from overweight to obese; thus, a 0.28-unit increase in BMI z-
score attributable to being born LGA (compared to the median birthweight) is substantial. Fur-
ther, research suggests that the risk of chronic disease increases with increasing childhood BMI
z-score, even within the normal range [17, 18].
Nationally, there was a significant increase in the mean birthweight of singleton babies born
to Aboriginal and Torres Strait Islander mothers from 2000–2011 [27]. In the LSIC sample, we
also observed temporal trend towards increasing birthweight z-score from 2003–2008 (S2
Table). The continuation of this trend could have detrimental implications for the weight status
of future generations of Aboriginal and Torres Strait Islander children.
Smoking during pregnancy was associated with significantly lower birthweight z-scores in
this sample, consistent with other research (S2 Table). It was also significantly associated with
increased BMI z-score in the final model, independent of birthweight. This is consistent with
research in other populations, although the mechanism is not well understood [28]. However,
this relationship has not been previously explored within the Aboriginal and Torres Strait Is-
lander populations [29].
Half of the mothers in the LSIC sample reported smoking during their child’s pregnancy,
consistent with national estimates (48%) for Aboriginal and Torres Strait Islander mothers in
2012 [30]. Around 6,000 infants born to Aboriginal and Torres Strait Islander mothers in 2012
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were exposed to smoke in utero. Given the high rate of smoking during pregnancy for Aborigi-
nal and Torres Strait Islander women—more than three times the rate for non-Indigenous
women [30]—this may be a critical modifiable risk factor for childhood obesity in this popula-
tion. Further, a dose-response relationship has been observed between the number of cigarettes
smoked daily during pregnancy and the child’s risk of obesity [31], suggesting that any reduc-
tion in mothers’ smoking during pregnancy could have a positive health impact.
Compared to children living in the more advantaged areas, children living in disadvantaged
areas had significantly lower BMI z-scores in childhood even after adjusting for birthweight.
The effect was strengthened after adjusting for the physiological factors (S1 Table), indicating
that the association was not a result of confounding due to these factors. The representation of
children from all levels of advantage is a strength of LSIC, in comparison to other studies
which are localised in nature, allowing for robust analysis.
In our study, maternal weight gain and diabetes were both non-significant predictors of in-
creased childhood BMI z-score. This might suggest that these variables are not associated with
childhood BMI in this sample independent of their impact on birthweight. However, the lack
of significance for these relationships may be partially attributable to the small numbers
(n = 87 and n = 44, respectively, in the final model; both coefficients were strengthened in the
multiple imputation analysis), or to the lack of precision in these measures. Despite the lack of
significance of these indicator variables in this study, maternal obesity and diabetes are likely to
be important contributors to obesity among Aboriginal and Torres Strait Islander children, ei-
ther independently [32], or through their association with increased birthweight (S2 Table)
[33, 34]. This is of concern given the high rates of, and increasing trends in, both obesity and
diabetes among Aboriginal and Torres Strait Islander women of reproductive age [35, 36].
These findings are consistent with a systematic review of prenatal exposures and later car-
dio-metabolic conditions in Indigenous populations from Australia, New Zealand, Canada,
and the US [3]. In the two studies of Australian Indigenous populations, lower birthweight was
associated with lower BMI in adults. Importantly, our study also examines the trajectory of
children born at the other end of the birthweight spectrum, identifying higher birthweight as a
risk indicator for obesity.
Our findings are also consistent with a global meta-analysis of studies in non-Indigenous
populations [8], and findings from the Longitudinal Study of Australian Children, a nationally
representative study of around 10,000 children, predominantly non-Indigenous. Children with
high birthweight, compared to those with normal or low birthweight, faced an increased risk of
obesity at age 4–5 years [37]. Thus, national and international data—for both Indigenous and
non-Indigenous populations—consistently suggest an association between increasing birth-
weight and increasing childhood BMI.
These findings suggest that the first step in preventing obesity among the next generation of
Aboriginal and Torres Strait Islander children is to improve the health of their mothers. Inter-
ventions should be targeted at the earliest possible stage: during or, optimally, before pregnan-
cy. Pregnancy, a period marked by increased health care interaction, offers an ideal ‘window of
opportunity’ to reduce the intergenerational transmission of chronic disease risk. Factors lead-
ing to both low and high birthweight—including maternal smoking, overweight, and diabetes
in pregnancy—are often entrenched in disadvantage, and shaped by social and cultural norms.
Thus, improving maternal health during pregnancy would require accessible, effective antena-
tal care, including social and psychological support [38].
There are potential limitations to our study. Although obesity is most accurately assessed by
measuring percentage body fat [39], it is not feasible to measure this in most large-scale studies.
BMI serves as a proxy measure, and its use has increasingly gained acceptance in public health
research [40]. The reliance on self-reported data has the potential to induce bias. Recall bias in
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reported birthweight would likely underestimate the association between birthweight and BMI
because mothers tend to overestimate birthweight for small infants, and underestimate for
large infants [3]. Previous analyses of reported gestational age in this study suggest that the
data should not unduly affect the calculation of z-scores [41].
Maternal healthcare information was not accessible, so we relied on mothers’ recall of their
healthcare interactions during their pregnancy. In this study, we did not have a measure of ma-
ternal BMI during pregnancy, so we examined reported weight gain during pregnancy. The
proportion of mothers reporting ‘too much’ weight gain, diabetes, or smoking during pregnan-
cy likely underestimates the prevalence of maternal overweight/obesity, diabetes and smoking
in the sample. Thus, any bias would more likely underestimate the strength of the observed as-
sociations. The small sample number of mothers reporting gestational diabetes or ‘too much’
weight gain during pregnancy prevented meaningful exploration of the interplay between risk
factors with opposing influences on birthweight (e.g. mothers reporting both smoking and dia-
betes in pregnancy). The risk of bias due to residual confounding resulting from the limited in-
clusion of potential confounders should be minimal; a systematic review of the relationship
between birthweight and risk of overweight indicated that the lack of inclusion of even ‘poten-
tially critical’ confounders such as gestational age had no significant impact on the overall re-
sults [8].
LSIC is not nationally representative, although this national study does offer diversity in ge-
ography and environmental conditions. As is common among cohort studies, the LSIC data
are designed for internal comparisons and longitudinal analyses [42]. The subset of children
with BMI and birthweight z-scores recorded may not fully represent the entire LSIC sample;
however, the findings of the multiple imputation analysis (S1 File) suggest that biases in the
missing data did not distort our findings.
Conclusions
Although many studies have now identified an association between high birthweight and later
risk of obesity, the policy focus for Aboriginal and Torres Strait Islander Australians has re-
mained on low birthweight, which has demonstrated detrimental impacts on health. Policies
and targets to ‘improve’ birthweight aim to reduce the prevalence of low birthweight, often
measuring improvement by an increase in the average birthweight of the population [7]. Given
that an increase in average birthweight could arise either from a decreased prevalence of low
birthweight or from an increased prevalence of high birthweight, this may not be an accurate
indicator of the population’s health. Efforts are required to reduce the prevalence of high birth-
weight, alongside efforts to reduce the prevalence of low birthweight, and to improve the health
of mothers during pregnancy.
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Body Mass Index Trajectories of Indigenous Australian Children
and Relation to Screen Time, Diet, and Demographic Factors
Katherine Ann Thurber1, Timothy Dobbins2, Teresa Neeman3, Cathy Banwell1, and Emily Banks1
Objective: Limited cross-sectional data indicate elevated overweight/obesity prevalence among Indige-
nous versus non-Indigenous Australian children. This study aims to quantify body mass index (BMI) tra-
jectories among Indigenous Australian children aged 3-6 and 6-9 years and to identify factors associated
with the development of overweight/obesity.
Methods: Three-year BMI change was examined in up to 1,157 children in the national Longitudinal
Study of Indigenous Children. BMI trajectories among children with normal baseline BMI (n5907/1,157)
were quantified using growth curve models.
Results: Baseline prevalences of overweight/obesity were 12.1% and 25.4% among children of mean
age 3 and 6 years, respectively. Of children with normal baseline BMI, 31.9% had overweight/obesity 3
years later; BMI increased more rapidly for younger versus older (difference: 0.59 kg/m2/year; 95% CI:
0.50-0.69), female versus male (difference: 0.15 kg/m2/year; 95% CI: 0.07-0.23), and Torres Strait Islander
versus Aboriginal (difference: 0.36 kg/m2/year; 95% CI: 0.17-0.55) children. Results were consistent with
less rapid rates of BMI increase for children with lower sugar-sweetened beverage (including fruit juice)
and high-fat food consumption. Children’s BMI was lower in more disadvantaged areas.
Conclusions: Overweight/obesity is common, and increases rapidly, in early childhood. Interventions are
required to reduce the overweight/obesity prevalence among Indigenous Australian children in the first 3
years of life and to slow the rapid overweight/obesity onset from age 3 to 9 years.
Obesity (2017) 00, 00-00. doi:10.1002/oby.21783
Introduction
High body mass index (BMI) among children is an increasing problem
globally (1). Childhood overweight/obesity can have severe short-term
health consequences and is associated with an increased risk of obesity
later in life, which has multiple comorbidities, including cardiovascular
diseases, diabetes, and some cancers (2). Elevated rates of childhood
overweight/obesity have been observed in Indigenous compared to
non-Indigenous populations globally, including in Australia, Canada,
New Zealand, and the United States (3). According to national cross-
sectional data from 2011 to 2013, the combined prevalence of over-
weight/obesity among Australian Aboriginal and Torres Strait Islander
(hereafter referred to as Indigenous) children is similar to that of non-
Indigenous children at age 2-4 and 5-9 years (17.3% vs. 23.0% and
23.9% vs. 22.5%) but significantly higher at age 10-14 years (38.6%
vs. 28.1%) and in most older age groups (4). Importantly, the preva-
lence of obesity is significantly higher among Indigenous compared to
non-Indigenous Australians starting from age 5-9 years (4).
The underlying causes of obesity are complex, including interactions
between individual, family, and community factors (5,6). Globally,
low levels of physical activity, high levels of sedentary behavior,
and energy-dense diets are understood to contribute to the high bur-
den of obesity (5). Social inequality, dispossession, and the transi-
tion from traditional to Western diets—among other impacts of col-
onization—are understood to contribute to the elevated prevalence
of overweight/obesity among Indigenous compared to non-
Indigenous populations internationally (6,7).
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The traditional lifestyle of Indigenous Australians was characterized
by high levels of physical activity and a well-balanced diet and
associated with low rates of chronic diseases (8). Colonization
resulted in the displacement of Indigenous people and dispossession
of traditional lands. This disrupted traditional diet, lifestyle, and cul-
ture, resulting in reduced physical activity and a shift to a Western
diet characterized by high intake of energy-dense foods (8,9). Colo-
nization has also resulted in persisting socioeconomic disadvantage
(8); for example, today, Indigenous compared to non-Indigenous
Australians are more likely to be unemployed (10), experience food
insecurity (11), have inadequate housing (12), live in disadvantaged
neighborhoods (13), and have poorer health (4).
There is no robust quantitative evidence on trajectories of BMI
across the childhood years in this population and insufficient evi-
dence on the relationship between key factors and BMI. The exist-
ing longitudinal evidence on Indigenous Australian children’s BMI
is limited to two studies examining the persistence of high BMI
among children with overweight/obesity at baseline (14) and a third
study examining weight gain in 157 infants (15). Existing evidence
on factors associated with BMI among Indigenous Australian chil-
dren, based on cross-sectional data, suggests that the prevalence of
overweight/obesity increases with age and is higher among females
versus males and in urban versus remote areas (4,14).
Longitudinal analyses are necessary to identify critical periods for, and
factors associated with, overweight/obesity development. Evidence spe-
cific to the Indigenous Australian population is required to enable efficient
targeting of overweight/obesity prevention efforts. This paper aims to
quantify BMI trajectories among Indigenous Australian children aged 3-6
and 6-9 years and to identify factors associated with the development of
overweight/obesity. We hypothesize that the prevalence of overweight/
obesity is high and increases from an early age and that child, family, and
area-level factors are associated with childhood BMI trajectories (6).
Methods
Study population
This paper is based on data from the Longitudinal Study of Indige-
nous Children (LSIC), a national study managed by the Australian
Government Department of Social Services. Indigenous children
aged 0.5-2 years and 3.5-5 years were recruited from 11 diverse
sites in 2008 through purposive sampling (see (16) for details).
Face-to-face surveys with the child and the primary caregiver (usually
the mother) are conducted annually by Indigenous interviewers. Up to
1,759 children have participated across waves of the study, represent-
ing 5% to 10% of the Indigenous population in the designated age
ranges. The primary caregiver reported all data utilized in the current
study except children’s height and weight (measured) and remoteness
and area-level disadvantage (derived from participants’ addresses).
In this study, we examined data from LSIC Wave 3-6 (collected
2010-2013), using Data Release 6.0.
Variables
Anthropometric measurements. LSIC interviewers measured
children’s weight (in light clothing) and height (without shoes) using
Homedics model SC-305-AOU-4209 digital scales and Soehnle Pro-
fessional Model 5003 stadiometers. Metric measurements were used
to calculate children’s BMI (kg/m2).
A cleaning method based on WHO standards and protocols was
applied to improve the validity of the data (17); in the current data
release, measurements were also excluded if they were associated
with an extreme change in BMI between consecutive waves (BMI
z score change 4). We selected Wave 3 as our study baseline due
to potentially reduced data reliability in earlier waves (17).
We examined BMI (kg/m2) as a continuous, rather than categorical,
outcome to maximize our ability to detect associations with BMI
change. We examined raw BMI rather than BMI z scores because this
is a more “stable” method for longitudinal studies (18); the within-
child variability in BMI z score depends on the child’s baseline BMI
z score, whereas variability in BMI is not related to baseline BMI (18).
When BMI categories were examined, we classified children accord-
ing to established BMI z score cutoff points, calculated using the
WHO international reference. The cutoff points for overweight and
obesity are more conservative for children 5 versus >5 to 18 years
of age, given potentially different implications of “excess” weight at
different growth stages (19). Thus, we have explicitly allowed for
differences between these groups and present results separately
where appropriate.
We examined BMI trajectories in a sample restricted to children
with normal BMI at baseline (n5 907/1,155) to facilitate examina-
tion of factors related to the development of high BMI and to reduce
the likelihood that exposures at baseline were caused by high base-
line BMI (reverse causation). We examined baseline (rather than
time-varying) measures of all exposures to minimize the impact of
reciprocal causation (20).
Other variables. A priori variables included the child’s age group
at baseline (5 vs. >5 years), sex, Indigenous identification (Aborigi-
nal, Torres Strait Islander, or both), screen time, and dietary indicators.
Children were categorized as having lower versus higher screen time if
they met versus exceeded the amount of screen time recommended for
their age based on caregiver-reported hours spent watching TV,
DVDs, or videos on a typical weekday. Children were categorized as
lower versus higher consumers of sugar-sweetened beverages and
high-fat foods, respectively, if they consumed these foods at <2 versus
2 occasions the preceding day, according to caregiver report.
Additional potential confounding factors included the child’s and
caregiver’s general physical health; caregiver’s social and emotional
well-being, highest qualification, and employment status; family
financial strain, food insecurity, and number of adults in household;
and remoteness, area-level disadvantage, and caregiver perception of
community safety and availability of places for children to play.
See Supporting Information File S1 for additional information on
exposures.
Statistical analysis
We examined the distribution of children’s BMI category across
waves of the study by age group. We modeled BMI trajectories
from Wave 3-6 among children with normal baseline BMI, using a
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multilevel growth model (20,21). To account for the correlation
structure inherent to the LSIC survey design, repeated BMI meas-
urements were nested within children, and children were nested
within their geographic area. We assumed that individual trajectories
were linear but included a random effect for age (in months, cen-
tered at the mean age across waves) to allow children to differ in
BMI intercept and slope (change in BMI over time). An autoregres-
sive residual structure (AR-1) was used (see Supporting Information
File S1 for details).
We examined the association between exposures at baseline and
children’s BMI trajectories. We included age group, sex, Indigenous
identification, screen time, sugar-sweetened beverage consumption,
and high-fat food consumption as a priori variables in our model
and added to this preliminary model each factor that demonstrated
an association with BMI change in unadjusted analysis. We included
an interaction term between each exposure and age to test whether
the exposure explained variation in children’s rate of BMI change.
We conducted sensitivity analyses to examine whether we observed
similar associations when using a categorical (versus continuous)
measure of BMI change and to explore the potential impact of
remoteness, definition of sugar-sweetened beverages, children’s dis-
ability, regression dilution, and missing BMI data on findings (Sup-
porting Information File S2). Analyses were conducted in Stata
VR
14.
Ethics
The LSIC survey was conducted with ethical approval from the Depart-
mental Ethics Committee of the Australian Commonwealth Department
of Health and from Ethics Committees in each state and territory,
including relevant Aboriginal and Torres Strait Islander organizations.
The current analysis was approved by the Australian National Univer-
sity’s Human Research Ethics Committee (Protocol No. 2011/510).
Results
Change in BMI category over time
BMI data were available for 1,155 of the 1,404 children participat-
ing in Wave 3 (our study baseline; FigureF1 1). Among younger chil-
dren (mean age 3 years at baseline), the prevalence of overweight
and obesity, respectively, was 9.0% (n5 60/667) and 3.1% (n5 21/
667) at baseline, 7.3% (n5 37/504) and 3.6% (n5 18/504) at Wave
4, 12.0% (n5 59/491) and 6.3% (n5 30/491) at Wave 5, and 25.6%
(n5 111/433) and 13.5% (n5 59/433) at Wave 6 (FigureF2 2A). Cor-
responding figures for the older children (mean age 6 years at base-
line) were 16.0% (n5 78/488) and 9.4% (n5 46/488), 15.2%
(n5 57/375) and 11.7% (n5 44/375), 16.1% (n5 58/361) and
15.0% (n5 54/361), and 23.6% (n5 74/313) and 18.2% (n5 57/
313) across successive waves. Less than 5% of children were under-
weight across waves.
Our trajectory analysis was restricted to children with normal baseline
BMI (n5 907/1,155) (Figure 1). Within the younger group, 4.4%
(n5 19/429) had become overweight and 1.0% (n5 4/429) had devel-
oped obesity 1 year later (at Wave 4); this increased to 10.4% (n5 43/
413) and 3.4% (n5 14/413) at Wave 5 and 25.5% (n5 93/365) and
8.8% (n5 32/365) at Wave 6 (Figure 2B). Corresponding figures for
the older group were: 9.1% (n5 24/264) and 1.5% (n5 4/264) at
Wave 4, 12.5% (n5 32/257) and 3.9% (n5 10/257) at Wave 5, and
22.9% (n5 52/227) and 5.3% (n5 12/227) at Wave 6. At Wave 4,
2.8% (n5 12/429) of younger children and 4.2% (n5 11/264) of older
children had become underweight, 1.9% (n5 8/413) and 4.7%
(n5 12/257) at Wave 5, and 0.8% (n 3/365) and 1.8% (n5 4/227)
at Wave 6.
Association between factors and BMI over time
In addition to the variables identified for inclusion a priori, remote-
ness and disadvantage were included in our final model as they
demonstrated an association with BMI change in unadjusted analysis
(Table T11). We tested for differences between the younger and older
group in the association between each exposure and BMI change,
but these interactions were not included in the final model as there
was no evidence of differential relationships by age group.
The associations of exposures to BMI intercept and annual BMI
change (slope) in the final model are presented in Figure F33. Based
on the final model, the mean BMI intercept was 16.46 kg/m2 (95%
CI: 16.14 to 16.76) for children in the younger group and 15.07 kg/
m2 (95% CI: 14.72 to 15.42) for children in the older group. The
mean BMI intercept was significantly lower for children with low
versus high sugar-sweetened beverage consumption (difference:
20.20 kg/m2; 95% CI: 20.39 to 20.01) and those living in the
Figure 1 Flow diagram for participants in LSIC Waves 3-6 and in the current study.
These figures refer to interviews with the primary caregiver.
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most disadvantaged versus most advantaged areas (difference:
20.52 kg/m2; 95% CI: 20.91 to 20.13). We did not observe a sig-
nificant difference in BMI intercept by screen time, sex, high-fat
food consumption, or remoteness.
On average, children in the younger group children increased in
BMI by 0.08 kg/m2 per year (95% CI: 20.06 to 0.22), and children
in the older group by 0.67 kg/m2 per year (95% CI: 0.52 to 0.82).
The rate of BMI increase was significantly higher for females versus
males (difference: 0.15 kg/m2/year; 95% CI: 0.07 to 0.23) and
Torres Strait Islander versus Aboriginal children (difference:
0.29 kg/m2/year; 95% CI: 0.11 to 0.46) (Figure 3). Low versus high
consumers of high-fat foods increased in BMI at a lower rate (differ-
ence: 20.08 kg/m2/year; 95% CI: 20.17 to 0.00), with the differ-
ence approaching significance (P5 0.06). We did not observe a sig-
nificant difference in BMI change by screen time, sugar-sweetened
beverage consumption, remoteness, or area-level disadvantage.
FigureF4 4 presents these results graphically to depict how key varia-
bles related to trajectories of BMI across the study period. Given the
faster rate of BMI increase for female versus male and Torres Strait
Islander versus Aboriginal children, we observed higher mean BMI
for these groups by age 9 years (difference approaching significance
for sex; significant for Indigenous identification). Mean BMI was
lower across waves for children living in the most disadvantaged
versus most advantaged areas, but these differences were only sig-
nificant at some waves. Predicted BMI was lower across waves for
children with lower sugar-sweetened beverage and high-fat food
consumption, but these differences did not reach significance.
Results of our sensitivity analyses were consistent with our primary
analysis (Supporting Information File S2). The relationship between
sugar-sweetened beverage consumption and BMI slope approached
significance (P 5 0.05) when the variable definition was expanded
to include fruit juice.
Discussion
We observed a high, and increasing, prevalence of overweight and
obesity in this sample of Indigenous Australian children. At baseline
Figure 2 Distribution of BMI categories across waves of LSIC, by age group, among (A) the full sample and (B) children with normal BMI at
baseline.
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TABLE 1 Children’s BMI at baseline and Wave 6, and BMI change, by child and family characteristics at baseline (2010)
Wave 3 (baseline) Wave 6 Change (D) in BMI from Wave 3 to Wave 6b
n
Mean BMI
(95% CI) n
Mean BMI
(95% CI) n
Mean D
BMI (95% CI)
% # in BMI
z score
% $ BMI
z score
% " BMI
z score
Total 907 15.6 (15.5 to 15.7) 592 16.7 (16.5 to 16.9) 592 1.0 (0.8 to 1.2) 11.5 59.6 28.9
Child factors
Screen time
Higher screen time 704 15.7 (15.7 to 15.8) 457 16.7 (16.6 to 16.9) 457 0.9 (0.7 to 1.1) 10.7 60.8 28.5
Lower screen time 193 15.2 (15.0 to 15.3) 129 16.5 (16.1 to 16.9) 129 1.3 (0.9 to 1.6) 14.0 55.8 30.2
Sugar-sweetened beveragesa
2 272 15.7 (15.6 to 15.9) 173 16.9 (16.6 to 17.2) 173 1.2 (0.9 to 1.5) 6.9 60.7 32.4
<2 623 15.6 (15.5 to 15.7) 409 16.6 (16.4 to 16.8) 409 0.9 (0.7 to 1.1) 13.7 58.9 27.4
High-fat foods
2 277 15.7 (15.5 to 15.8) 180 17.1 (16.8 to 17.4) 180 1.3 (1.0 to 1.7) 9.4 57.2 33.3
<2 620 15.6 (15.5 to 15.7) 405 16.5 (16.3 to 16.7) 405 0.9 (0.7 to 1.0) 12.6 60.5 26.9
Sex
Male 452 15.8 (15.7 to 15.9) 290 16.5 (16.3 to 16.7) 290 0.7 (0.5 to 0.9) 12.1 62.4 25.5
Female 455 15.5 (15.4 to 15.6) 302 16.9 (16.6 to 17.1) 302 1.3 (1.1 to 1.6) 10.9 57.0 32.1
Age group at baselinea
5 years 563 16.0 (15.9 to 16.1) 365 16.4 (16.2 to 16.6) 365 0.4 (0.2 to 0.5) 14.3 61.4 24.4
>5 years 344 15.0 (14.9 to 15.2) 227 17.2 (16.9 to 17.5) 227 2.1 (1.8 to 2.3) 7.1 56.8 36.1
Indigenous identification
Aboriginal 802 15.6 (15.5 to 15.7) 526 16.7 (16.5 to 16.8) 526 1.0 (0.8 to 1.1) 11.4 59.9 28.7
Torres Strait Islander 59 15.6 (15.3 to 16.0) 40 17.3 (16.4 to 18.2) 40 1.7 (0.7 to 2.6) 15.0 50.0 35.0
Both 46 15.7 (15.3 to 16.0) 26 16.3 (15.5 to 17.2) 26 0.8 (0.0 to 1.6) 7.7 69.2 23.1
General physical health
Poor, fair, or good 216 15.5 (15.3 to 15.6) 133 16.7 (16.3 to 17.1) 133 1.1 (0.8 to 1.4) 18.7 50.4 30.9
Very good or excellent 687 15.7 (15.6 to 15.8) 456 16.7 (16.5 to 16.9) 456 1.0 (0.8 to 1.2) 9.5 62.0 28.5
Caregiver and family factors
Caregiver’s general physical health
Poor, fair, or good 494 15.6 (15.5 to 15.7) 316 16.8 (16.5 to 17.0) 316 1.1 (0.8 to 1.3) 11.1 59.5 29.4
Very good or excellent 408 15.7 (15.5 to 15.8) 272 16.6 (16.4 to 16.8) 272 0.9 (0.7 to 1.2) 12.1 59.6 28.3
Caregiver’s social and
emotional well-being
High distress 134 15.5 (15.3 to 15.8) 86 16.8 (16.4 to 17.2) 86 1.2 (0.8 to 1.7) 9.3 60.5 30.2
Low distress 732 15.7 (15.6 to 15.7) 485 16.7 (16.5 to 16.9) 485 1.0 (0.8 to 1.2) 12.2 58.4 29.5
Financial strain
Run out of money 114 15.7 (15.5 to 15.9) 75 16.7 (16.3 to 17.2) 75 1.0 (0.6 to 1.5) 8.0 61.3 30.7
Just enough money 446 15.7 (15.6 to 15.8) 281 16.8 (16.5 to 17.0) 281 1.0 (0.7 to 1.2) 14.6 55.9 29.5
Can save money 337 15.5 (15.4 to 15.7) 230 16.6 (16.3 to 16.8) 230 1.0 (0.7 to 1.3) 9.1 63.5 27.4
Went without meals in past year
Yes 74 15.1 (14.8 to 15.4) 39 15.7 (15.1 to 16.3) 39 0.5 (20.1 to 1.1) 18.0 59.0 23.1
No 820 15.7 (15.6 to 15.8) 543 16.8 (16.6 to 16.9) 543 1.0 (0.9 to 1.2) 11.1 59.3 29.7
Primary caregiver employment
Not employed 622 15.6 (15.5 to 15.7) 400 16.6 (16.4 to 16.8) 400 1.0 (0.8 to 1.2) 11.0 60.3 28.8
Employed part time 147 15.8 (15.6 to 16.0) 107 16.9 (16.5 to 17.3) 107 1.0 (0.7 to 1.4) 10.3 61.7 28.0
Employed full time 125 15.6 (15.4 to 15.8) 77 16.7 (16.2 to 17.2) 77 0.9 (0.4 to 1.5) 16.9 53.3 29.9
Primary caregiver education
Less than Year 12 493 15.5 (15.4 to 15.6) 310 16.5 (16.3 to 16.8) 310 0.9 (0.7 to 1.2) 11.9 60.0 28.1
Year 12 or beyond 346 15.8 (15.6 to 15.9) 243 16.9 (16.6 to 17.2) 243 1.1 (0.8 to 1.4) 11.5 59.7 28.8
Number of adults in household
1 253 15.6 (15.4 to 15.8) 155 16.7 (16.4 to 17.0) 155 1.1 (0.8 to 1.4) 10.3 56.8 32.9
2 437 15.7 (15.6 to 15.8) 288 16.7 (16.4 to 16.9) 288 0.9 (0.7 to 1.1) 11.5 61.5 27.1
3 91 15.3 (15.1 to 15.6) 57 16.9 (16.3 to 17.6) 57 1.4 (0.9 to 2.0) 7.0 64.9 28.1
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(2010), the prevalence of combined overweight/obesity was 12% and
25% among children of mean age 3 and 6 years, respectively. These fig-
ures increased to 39% and 42% 3 years later, when children were a mean
age of 6 and 9 years, respectively. It is difficult to directly compare these
prevalence estimates with national estimates from 2011-2013 due to dif-
ferences in sampling approaches, definitions of overweight/obesity, and
age categorization, but findings are consistent with a high (12%-22%)
overweight/obesity prevalence among Indigenous children aged 2 to 4
years, increasing to around 40% at age 10 years (4). Almost one-third of
children with normal baseline BMI had developed overweight/obesity 3
years later. We are unaware of other longitudinal data about Indigenous
Australian children for comparison, but in a non-Indigenous Australian
sample, just over 20% of children with normal BMI at age 4 to 5 years
had developed overweight/obesity 6 years later (22). Our findings indi-
cate that interventions are required both to reduce the prevalence of over-
weight/obesity in the first 3 years of life and to slow the rapid onset of
overweight/obesity from age 3 to 9 years.
The faster rate of annual BMI increase observed for children aged
6-9 versus 3-6 years is consistent with the average BMI observed at
these ages in the WHO Reference data. The higher mean BMI at
baseline and higher 3-year incidence of overweight/obesity in the
younger versus older group may be an artifact of the different BMI
cutoff points used (Supporting Information File S3).
When comparing the two groups of children when they are each
around 6 years of age (younger children at Wave 6, older children
at Wave 3), in the whole sample—not restricted to those with nor-
mal baseline BMI—we observed a higher overweight/obesity preva-
lence in the younger group (39.3% vs. 25.4%). Given that both
groups are the same age and therefore subject to the same cutoff
points, the prevalence difference may reflect differences between the
two cohorts or a temporal trend toward an increasing prevalence of
overweight/obesity. Bearing in mind differences in methodology, the
existing national data are consistent with an increase in the preva-
lence of overweight/obesity among Indigenous Australian children
since 1994 (4,23), in line with international trends (1).
Consistent with cross-sectional evidence of an elevated obesity prev-
alence (4,14,24), we identified a faster rate of BMI increase for
female versus male and for Torres Strait Islander versus Aboriginal
children, suggesting that these groups may be at increased risk of
developing overweight/obesity from an early age. Previous research
identified similar BMI trajectories for male and female children in
the general Australian population (25), but this has not previously
been explored among Indigenous Australian children; differences
between groups in unmeasured factors related to BMI (e.g., physical
activity) may partially explain our findings. Given the observed
tracking of weight status across the life course (2), females may
face an increased risk of overweight/obesity during the childbearing
years, incurring an increased risk of overweight/obesity among their
offspring (26). Therefore, promoting healthy BMI among female
Indigenous children from early childhood should be a priority to
prevent spiraling increases in overweight/obesity prevalence.
TABLE 1. (continued).
Wave 3 (baseline) Wave 6 Change (D) in BMI from Wave 3 to Wave 6b
n
Mean BMI
(95% CI) n
Mean BMI
(95% CI) n
Mean D
BMI (95% CI)
% # in BMI
z score
% $ BMI
z score
% " BMI
z score
Area-level factors
Remotenessa
None 241 15.8 (15.6 to 16.0) 174 16.7 (16.4 to 17.0) 174 0.9 (0.6 to 1.2) 13.2 60.9 25.9
Low 450 15.7 (15.5 to 15.8) 285 16.9 (16.7 to 17.2) 285 1.2 (1.0 to 1.5) 7.7 60.4 31.9
Moderate 125 15.4 (15.1 to 15.6) 82 16.2 (15.7 to 16.6) 82 0.6 (0.2 to 1.0) 17.1 61.0 22.0
High/extreme 91 15.3 (15.0 to 15.6) 51 16.3 (15.7 to 16.9) 51 1.0 (0.4 to 1.6) 17.7 49.0 33.3
Area-level disadvantagea
Most advantaged 168 15.8 (15.6 to 16.0) 122 16.8 (16.4 to 17.1) 122 0.9 (0.6 to 1.3) 13.1 59.8 27.1
Middle advantage 554 15.7 (15.6 to 15.8) 362 16.9 (16.7 to 17.1) 362 1.2 (1.0 to 1.4) 9.4 59.1 31.5
Most disadvantaged 185 15.2 (15.0 to 15.4) 108 15.8 (15.5 to 16.2) 108 0.5 (0.1 to 0.8) 16.7 61.1 22.2
Safe community
No (not so safe or really bad) 123 15.5 (15.3 to 15.8) 72 16.7 (16.2 to 17.2) 72 1.1 (0.6 to 1.6) 11.1 58.3 30.6
Yes (okay, safe, or very safe) 743 15.6 (15.6 to 15.7) 495 16.7 (16.5 to 16.9) 495 1.0 (0.8 to 1.2) 11.7 59.4 28.9
Places to play
No (not many or none) 241 15.5 (15.4 to 15.7) 139 16.7 (16.3 to 17.0) 139 1.0 (0.6 to 1.4) 9.4 64.8 25.9
Yes (some, a few, or lots) 625 15.7 (15.6 to 15.8) 426 16.7 (16.5 to 16.9) 426 1.0 (0.8 to 1.2) 12.2 57.5 30.3
The sample includes children with a BMI in the normal range at baseline. Total number may vary across exposure categories due to missing data.
aAssociation between exposure and category of BMI change (P value for Pearson v2< 0.20) and/or significant difference in mean BMI change across exposure categories.
bChange in BMI assessed based on BMI z scores to account for the expected differences in BMI change over time for children of different ages. Research has demon-
strated improved health outcomes and decreased fat mass for children with obesity who experience decreases in BMI z score greater than 0.5 and 0.6 units per year,
respectively, but there is no standard definition for a “significant” increase in BMI z score for children. Thus, we have conservatively defined BMI decrease (average annual
BMI z score change of -0.3), BMI maintenance (average annual BMI z score change between 20.3 and 0.3), and BMI increase (average annual BMI z score change of
0.3).
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Consumption of unhealthy foods was common; around 30% of chil-
dren reportedly consumed sugar-sweetened beverages or high-fat
foods on at least two occasions on the day preceding interview. This
fits with contemporary national data estimating that unhealthy foods
constitute 38.4% of Indigenous children’s total energy intake and
that sugar-sweetened beverage consumption is high from age 2 to 3
years (11). Although they did not reach statistical significance, our
findings are consistent with a lower annual BMI increase for chil-
dren who consumed fewer sugar-sweetened beverages (P 5 0.05
when including fruit juice) and high-fat foods (P 5 0.06) at base-
line. The magnitude of the association observed between sugar-
sweetened beverage consumption and BMI is consistent with find-
ings of a meta-analysis of prospective studies (27). Findings for
other dietary indicators (such as high-fat or snack foods) have been
less consistent; this has been attributed to variation in the foods
examined and limitations of standard methods of assessing dietary
intake (28).
Within this relatively disadvantaged population, children in more
disadvantaged versus advantaged areas tended to have lower BMI.
This is consistent with previous findings from LSIC (29) and with
the socioeconomic patterning of child obesity in low- and middle-
income countries (30), but it contrasts the inverse relationship
between BMI and socioeconomic advantage established in the gen-
eral Australian population and in other developed countries (31,32).
In our sample, the prevalence of underweight was elevated among
children in more disadvantaged versus advantaged areas, alongside a
relatively lower prevalence of overweight/obesity (Supporting Infor-
mation File S4). Our findings support a persisting “double burden of
malnutrition” (i.e., the co-occurrence of underweight and
Figure 3 Mean BMI intercept and slope for children by age group and association with exposures. Based on the final model, which was adjusted for all vari-
ables shown and age group; repeated BMI measurements were nested within children, and children were nested within their geographic area. This includes
887 children, providing 2,799 observations of BMI: 553, 421, 406, and 358 BMI measurements of children in the younger group across waves and 334,
257, 250, and 220 measurements of children in the older group across waves. *We estimated the mean BMI intercept across exposure categories for chil-
dren in the younger and older age group. BMI intercept was calculated at the mean age of the sample across waves (centered age50) and all other cova-
riates at the value of the referent group: exceeded recommended hours of screen time, at least two sugar-sweetened beverages, at least two high-fat
foods, male, Aboriginal, no remoteness, most advantaged area. We estimated the mean BMI slope (annual change in BMI) across exposure categories for
children in the younger and older age group, with BMI calculated at the mean age of younger/older children at baseline and all other covariates at the value
of the referent group. †Significant association between exposure variable and BMI intercept (P value for Wald test <0.05). ‡Significant association between
exposure variable and BMI slope (P value for Wald test <0.05).
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Figure 4 Predicted BMI across waves by children’s sex, Indigenous identification, and baseline area-level disad-
vantage, high-fat food consumption, and sugar-sweetened beverage consumption, for children in the younger
and older age group. Based on the final model, which was adjusted for screen time, sugar-sweetened beverage
consumption, high-fat food consumption, age, sex, Indigenous identification, remoteness, and area-level disad-
vantage. It includes BMI measurements for 553, 421, 406, and 358 children in the younger group across waves
and 334, 257, 250, and 220 children in the older group across waves. Population-averaged estimates of BMI
were calculated (using the margins and marginsplot commands in Stata) at the mean age of younger/older chil-
dren at each wave and based on the distribution of all other covariates within the study population.
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overweight/obesity within families and/or communities), which has
been observed in Indigenous populations internationally (7); efforts
to promote healthy BMI need to consider undernutrition and overnu-
trition together (33).
We did not observe differences in BMI trajectories by remoteness,
contrasting findings from cross-sectional research (14,24). Previous
findings were not adjusted for area-level disadvantage, which is
strongly linked to remoteness; our findings may indicate that the
relationship between remoteness and children’s BMI is largely
explained by area-level disadvantage. Although the overall associa-
tion between remoteness and BMI change was not significant, we
did observe a significantly faster rate of BMI increase in areas with
“low” versus “no” remoteness. We did not have any a priori
hypotheses about differences in BMI change between these two set-
tings, and thus results are hard to interpret.
Only 21.5% of children in the sample met screen time recommenda-
tions, with reported hours of screen time exceeding figures previ-
ously published for Indigenous children (34). Our analyses did not
provide evidence that higher, versus lower, screen time at baseline
was associated with greater increases in BMI over time. There is
strong international evidence from cross-sectional data that people
with obesity have increased screen time (35,36), but there is not
conclusive evidence that increased screen time leads to increased
BMI over time (28,37). Based on our findings, we can exclude a
large prospective effect of baseline screen time on BMI change in
this sample, consistent with previous research employing longitudi-
nal methods (35,37,38).
We may have underestimated the association between screen time
and BMI in our sample because of the short duration of our study
(36,37), the limited sample size, imprecise measurement of screen
time, and regression dilution (see Supporting Information File S2).
The accuracy of our measure of screen time may be reduced due to
reliance on caregiver report, although most of the current evidence
is based on indirect measures (35), and because it did not include
hours spent playing electronic games. However, electronic game use
is estimated to constitute a small proportion of total screen time by
Indigenous Australian children, so the resulting underestimation of
screen time is likely to be small (34).
The imprecise measurement of dietary intake may have resulted in
the underestimation of associations with BMI or in residual con-
founding (27,37). Reported intake according to 24-hour recall does
not always reflect usual intake, particularly for items consumed
infrequently (28,39). Furthermore, intake is based on caregiver
report of the number of occasions the child consumed these foods,
with no information on portion size, which might have resulted in
misclassification. However, the available data can provide a crude
representation of consumption patterns; data collected using this
method have been utilized in other studies (28,39), and we have
used similar variable definitions when possible for consistency. A
substantial limitation of our study, as in similar studies (28,39), is
that we could not adjust for children’s physical activity or energy
expenditure, as these data were not collected in LSIC.
A potential limitation of this study is the extent of missing data on
children’s BMI across waves of the study; however, we did not
observe a significant difference in dropout across key exposure
variables, suggesting that unbalanced missing data were not biasing
our estimation of BMI slope.
Conclusion
The use of robust longitudinal methods enabled the first quantifica-
tion of BMI trajectories for Indigenous Australian children and the
first quantification of variation by key factors. More than 10% of
children already had overweight/obesity by age 3 years, and we
observed a rapid onset of overweight/obesity between age 3-6 and
6-9 years. This indicates the need for interventions to reduce the
prevalence of overweight/obesity in the first 3 years of life and to
slow the rapid onset of overweight and obesity from age 3 to 9
years. Efforts to promote healthy BMI trajectories among female
children are of particular priority.
There is limited evidence on what works to improve the weight sta-
tus of Aboriginal and Torres Strait Islander children. Our findings
suggest that reducing consumption of sugar-sweetened beverages
and high-fat foods from an early age could have a beneficial impact
on children’s BMI trajectories; despite the small magnitude of
observed effects, reducing consumption could have a substantial
impact at the population level given the high level of current con-
sumption (36). However, it is imperative that programs and policy
are developed in partnership with Indigenous communities, address
the broader sociocultural and environmental context in which health
behaviors occur (40), and are sustainable.O
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Sugar-sweetened beverages such as non-
diet soft drinks, cordial and sports drinks 
are prime examples of discretionary foods 
(National Health and Medical Research Council 
[NHMRC], 2013). They are high in sugar, 
devoid of nutrients, and provide limited satiety 
(Malik, Schulze, & Hu, 2006). The average 
serving of sugar-sweetened beverage contains 
around ten teaspoons of sugar; this exceeds 
the new World Health Organization (WHO; 
2014) recommended daily limit of sugar for 
an adult, let alone a child. Sugar-sweetened 
beverages have been demonstrated to have 
detrimental impacts on health at the individual 
and population level: among other impacts, 
they are associated with dental caries (decay) 
and erosion (Hector, Rangan, Gill, Louie, & 
Flood, 2009; Jamieson, Roberts-Thomson, & 
Sayers, 2010), and growing consumption of 
these beverages is linked to increasing obesity 
globally (Basu, McKee, Galea, & Stuckler, 
2013). These conditions contribute significantly 
to healthcare costs in Australia (Hector et al., 
2009), as well as to health inequity between 
Indigenous and non-Indigenous Australians 
(Christian & Blinkhorn, 2012; Vartanian, 
Schwartz, & Brownell, 2007; Zhao, Wright, 
Begg, & Guthridge, 2013).
In 2009, Australia was among the top ten 
highest consumers of sugar-sweetened 
beverages globally (Hector et al., 2009). There 
are limited recent data quantifying Australian 
sugar-sweetened beverage consumption, but 
extant data suggest that children are heavy 
consumers from an early age (Bell, Kremer, 
Magarey, & Swinburn, 2005; Hector et al., 
2009). The consumption of these beverages 
is particularly concerning among Indigenous 
Australian children, who experience 
disproportionately high background rates of 
dental caries (Christian & Blinkhorn, 2012) 
and obesity (Australian Bureau of Statistics 
[ABS], 2013), and have a significantly reduced 
average life expectancy compared to non-
Indigenous Australians (Australian Health 
Ministers’ Advisory Council, 2012). Further, 
Indigenous children are reported to consume 
sugar-sweetened beverages more often and in 
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larger quantity than non-Indigenous children 
(Hector et al., 2009).
A 2005 survey of 215 children (82 Indigenous) 
from rural New South Wales, for example, 
found that sugar-sweetened beverages were 
the greatest per capita contributor to daily 
food intake for all participants, with relatively 
higher consumption recorded among the 
Indigenous (compared to non-Indigenous) 
children (Gwynn et al., 2012). Indigenous boys 
and girls had average intakes of 457 and 431 
kilojoules from sugar-sweetened beverages 
per day, respectively, constituting 6% and 7% 
of their total daily energy intake. Across three 
remote Aboriginal communities in the Northern 
Territory, 16% of total food expenditure from 
2010–11 was on sugar-sweetened beverages, 
compared to 5% on fruit and vegetables 
(Brimblecombe, Ferguson, Liberato, & O’Dea, 
2013).
The benefit of reducing sugar-sweetened 
beverage consumption among children—
both Indigenous and non-Indigenous—is 
unequivocal. However, the development 
of effective policies and programs would 
require an understanding of the drivers of this 
behaviour. The evidence on correlates of sugar-
sweetened beverage consumption among 
non-Indigenous populations is sparse; overall, 
the evidence suggests that factors including 
gender, parental sugar-sweetened beverage 
intake, family-level socio-economic status, and 
area-level socio-economic status may influence 
sugar-sweetened beverage consumption 
among children, youths and adults (Giskes, 
Van Lenthe, Avendano-Pabon, & Brug, 2011; 
van der Horst et al., 2007; Vereecken, Inchley, 
Subramanian, Hublet, & Maes, 2005).
The limited information on the correlates 
of sugar-sweetened beverage consumption 
from non-Indigenous populations may not 
be relevant for the Indigenous population 
(Dance, 2004; Shepherd, Li, & Zubrick, 2012a; 
Shepherd, Li, & Zubrick, 2012b); however, 
there is a complete absence of quantitative 
evidence specific to this group (Daniel, Lekkas, 
Cargo, Stankov, & Brown, 2011; Shepherd et 
al., 2012b). In 2012, Shepherd et al. conducted 
a systematic review of research examining the 
association between socio-economic status and 
health for Indigenous Australians, identifying 
only 16 published papers (Shepherd et al., 
2012b). None of these studies examined dietary 
behaviours.
Quantitative evidence on the association 
between social, cultural and environmental 
factors (particularly those meaningful to 
Indigenous people) (Shepherd et al., 2012a) 
is required if programs and policies are to 
effectively decrease sugar-sweetened beverage 
consumption by Indigenous children. Using 
data from the fourth wave of the Longitudinal 
Study of Indigenous Children (LSIC), this 
cross-sectional study uses multilevel modelling 
to examine the association between sugar-
sweetened beverage consumption and an array 
of social, cultural and environmental factors, 
including area-level influences.
Methods
Longitudinal Study of Indigenous 
Children
LSIC arose from the identified need for a 
longitudinal study investigating the growth 
and development of Indigenous children 
in Australia (Aboriginal Early Childhood 
Symposium, 2006). The study was developed 
through an extensive consultation process, and 
community engagement remains an ongoing 
priority (Dodson, Hunter, & McKay, 2012). The 
study is managed by the federal Department 
of Social Services (DSS), and data collection 
will remain ongoing as long as the funding 
and sample retention allow (Department of 
Families, Housing, Community Services and 
Indigenous Affairs [FaHCSIA], 2009).
In 2008 and 2009, 1,759 Aboriginal and Torres 
Strait Islander children up to 5 years of age 
were sampled from 11 sites, based on lists 
provided by Centrelink and Medicare Australia 
(Hewitt, 2012). These sites, ranging from 
Galiwin’ku (Elcho Island, Northern Territory) 
to Western Sydney, were selected to represent 
a wide diversity of geography, remoteness, 
culture, language and socio-economic status 
(FaHCSIA, 2013).
In the fourth wave of the study (2011), data 
were collected on 1,283 children, ranging in 
age from 3–9 years. This dataset provides the 
first national longitudinal data on Indigenous 
Australian children, and is publicly available 
for analysis. Further details on the study design 
and methodology are provided elsewhere 
(FaHCSIA, 2009; Dodson et al., 2012).
Ethics
LSIC has ethical approval from the Departmental 
Ethics Committee of the Commonwealth 
Department of Health. The study has obtained 
additional state, territory and regional approval 
from the relevant bodies, consistent with the 
NHMRC (2003) and Australian Institute of 
Aboriginal and Torres Strait Islander Studies 
(2011) guidelines. The current analysis of LSIC 
data is conducted with ethical approval from 
the Australian National University Human 
Research Ethics Committee.
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Data
Outcome measure
The majority of survey data were provided 
by the child’s primary carer (defined as the 
person who knew the child best; the child’s 
mother in most cases), rather than by the child 
him/herself. Carers were asked to report what 
beverages their child consumed the morning, 
afternoon and evening of the day preceding the 
interview. Interviewers coded carers’ responses 
to match the categories provided on the survey 
instrument (categories were not read aloud to 
participants). The sugar-sweetened beverage 
variable was derived from the category, “soft 
drink, cordial or sports drink—not diet”; a 
binary variable was created to reflect whether 
the child had reportedly consumed any of 
these beverages during any of the three time 
periods.
Individual-level measures
For categorical variables with more than four 
response options, the original categories 
recorded in LSIC were collapsed to form 3–4 
categories. The cut-off points for categories 
were chosen to create the most even 
distribution across groups. Some variables are 
missing responses; analyses are performed on 
the subset of data available for each variable.
The demographic variables of children’s age, 
gender and identification as Aboriginal, Torres 
Strait Islander or both were considered. A 
variable related to culture was included in this 
analysis given the recognised importance of 
culture to Indigenous wellbeing (Dance, 2004; 
Henderson et al., 2007) and its limited inclusion 
in previous studies (Shepherd et al., 2012b). 
Primary carers were asked: “How often do you 
teach the study child traditional practices such 
as collecting food or hunting?” This item was 
selected from the possible cultural variables 
because of the immediate relevance to diet.
A literature review was used to identify social 
and environmental variables to include in the 
analysis. Household- and area-level measures 
of socio-economic status were included given 
their potential impact on food availability and 
affordability (Barosh, Friel, Engelhardt, & Chan, 
2014; Brimblecombe et al., 2013; Brimblecombe 
& O’Dea, 2009; Browne, Laurence, & Thorpe, 
2009; Burns, 2004). However, standard measures 
of socio-economic status may not accurately 
represent social positioning within Indigenous 
communities (Shepherd et al., 2012a). Thus, in 
this study, multiple measures of socio-economic 
status are included: conventional measures of 
income, employment, maternal education and 
household size; as well as subjective ratings 
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of financial strain, worries about money, food 
security and housing instability.
Weekly family income (after deductions such 
as tax and quarantined payments), as reported 
by the primary carer, was categorised as: (1) 
less than $399, (2) $400–$599, (3) $600–$999, 
and (4) $1,000 or more.
Primary carers were categorised as employed 
if they reported working in one or more jobs, 
or being currently on leave from a job; and not 
employed if they reported having no job, being 
permanently unable to work, being retired, 
participating in unpaid work only, or “other”.
Financial strain was measured by carers’ report 
of their family “money situation”, categorised 
as: (1) we run out of money or are spending 
more money than we get; (2) we have just 
enough money to get us through to the next 
pay day, or there’s some money left over each 
week but we just spend it; or (3) we can save a 
bit or a lot. Carers also reported whether or not 
their family had experienced “serious worries” 
about money in the past 12 months. As an 
indicator of families’ food security (Kendall, 
Olson, & Frongillo, 1995), this study analysed 
carers’ responses to the question: “In the last 12 
months, have you gone without meals because 
you were short of money?”
At the second wave of LSIC, carers were asked 
to report on their highest level of educational 
qualification. This question was repeated in 
Waves 3 and 4 only for new primary carers. 
This variable was dichotomised as (1) low 
education: Year 10 or below, and (2) high 
education: past Year 10.
Two housing measures were included in the 
study: household size and housing stability. 
Household size was categorised as 2–3, 4–5, or 
6 or more members. Children were considered 
to have experienced housing instability if their 
carers reported feeling too crowded, moving, 
or having housing problems in the past year.
Area-level measures
The Level of Relative Isolation (LORI) 
indicates the level of remoteness of the areas 
in which children live. This scale is based 
on the Accessibility/Remoteness Index of 
Australia++ (ARIA++) Scale, which uses a 
purely geographical approach to determine 
remoteness—it does not take into account 
socio-economic status, urban versus rural 
environment or population size. The ARIA++ 
scale categorises areas as being highly 
accessible, accessible, moderately accessible, 
remote or very remote (Department of Health 
and Aged Care, & National Key Centre for Social 
Applications of Geographical Information 
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Systems, 2001). The levels of relative isolation 
(none, low, moderate, high and extreme) 
parallel these accessibility categories. Due to 
small numbers in each, the two most isolated 
categories were collapsed into one category 
in LSIC (high/extreme) for the protection of 
participants’ confidentiality.
The Socio-Economic Indexes for Areas (SEIFA), 
the standard Australian area-level measures of 
socio-economic status, are provided in LSIC. 
However, the current study used an alternative 
measure of area-level disadvantage, the 
Index of Relative Indigenous Socio-economic 
Outcomes (IRISEO). This Index is designed to 
more accurately reflect the level of disadvantage 
of Indigenous people (Vidyattama, Tanton, & 
Biddle, 2013). IRISEO is calculated specifically 
for Indigenous Australians, based on nine 
measures of socio-economic status (including 
employment, education, income and housing) 
from the 2001–2006 Census (Biddle, 2009). As 
with the SEIFA index, a lower IRISEO level 
reflects a greater level of disadvantage for an 
area. Nearly half of the LSIC sample falls into 
the most disadvantaged SEIFA decile (lowest 
10% of the population); the LSIC sample is 
more evenly distributed across the IRISEO 
deciles.
Three categories of area-level disadvantage 
were created for the LSIC sample, based 
on these IRISEO population deciles: most 
advantaged (IRISEO 8–10), mid-advantaged 
(IRISEO 4–7), and most disadvantaged (IRISEO 
1–3).
Statistical methods
Summary statistics of the outcome were 
calculated across the selected individual-level 
and area-level characteristics. We tested for 
differences in the unadjusted proportion of 
children consuming sugar-sweetened beverages 
across categories using the likelihood ratio (LR) 
χ2 test.
The combined effect of these individual- 
and area-level variables was explored using 
multilevel logistic regression, enabling 
adjustment for LSIC’s clustered survey design 
(see Box 1 for details). For each model, analyses 
were conducted on the subset of children who 
had complete data on the variables of interest. 
The final model includes 91% of the original 
Wave 4 sample.
Results
According to the primary carer’s recall, over 
half (51%) of LSIC children consumed sugar-
Box 1: Multilevel modelling in LSIC
Adjusting for the clustered sample design
The LSIC dataset includes randomised codes for the Indigenous Areas in which 
participants live. Indigenous Areas are a spatial measure derived by the ABS 
to improve the accuracy of mapping for Indigenous communities (Pink, 2011). 
Indigenous Areas represent medium-sized geographic areas, comparable to the 
Statistical Area 3 for the overall Australian population. There are a total of 429 
Indigenous Areas spanning Australia, and 189 of these are represented in the 
fourth wave of LSIC (with 1–92 children in each area). Because the Indigenous 
Area codes are randomised, participants cannot be linked to their actual 
geographic location, but children living in the same Indigenous Area can be 
grouped together.
Indigenous Areas were not the sampling unit in the LSIC survey; however, the 
dataset does not release information on the site from which participants were 
sampled for the protection of privacy. The Indigenous Areas represent a smaller 
geographic unit than the 11 non-disclosed sites, and have been demonstrated to 
effectively adjust for the study’s sampling design (Hewitt, 2012).
Alignment of Indigenous Area and area-level variables:
 ■ The boundaries used to define the LORI do not always match with the 
boundaries of the Indigenous Areas used to define the clusters in this 
study; as a result, there are a few (less than ten) cases in which the LORI 
varies within a cluster. To maintain a constant LORI across all children 
within each cluster, LORI was aggregated at the cluster level, using the 
mode of the LORI among members of the same Indigenous Area.
 ■ The IRISEO is calculated at the Indigenous Area level, and is thus constant 
within each cluster.
Model development
The randomised code for Indigenous Area was used to identify the clusters. A two-
level model was fit, with children at level 1 (n = 1,173), and the Indigenous Areas 
representing the clustering at level 2 (n = 175). A logistic model was used because 
the outcome variable (sugar-sweetened beverage consumption) was binary.
First, the appropriateness of the multilevel structure was tested. The LR test was 
used to compare an empty model with and without adjustment for clustering. 
The model’s fit was significantly improved with inclusion of the Indigenous Area 
variable, so the multilevel structure was maintained.
Next, variables were added in steps. The first model included age and 
gender only; these a priori variables were retained in the model regardless 
of their significance. Variables that were associated with sugar-sweetened 
beverage consumption in the unadjusted univariate analyses (univariable test 
p value < .25; Hosmer Jr & Lemeshow, 2000) were added in the subsequent 
models. The child and household (individual-level) variables were added in the 
second model; environmental (area-level) variables were added in the next step.
After the addition of each set of variables, the significance of each variable was 
verified. Variables that did not significantly contribute to the model (Wald Z 
Statistic p value exceeding .05) were dropped from the model. A new model 
with only contributing parameters was fit, and compared to the original full 
model using the LR test and AIC/BIC.* If the reduced model was a significantly 
better fit than the full model, the reduced model was maintained for subsequent 
steps.
Variables significant in the third model remained in the final model. At this stage, 
we tested the independent addition of each of the variables dropped from the 
model. Regression diagnostics were performed to assess the model’s adequacy 
and fit to the data.
Note: * AIC = Akaike information criteria; BIC = Bayesian information criterion.
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sweetened beverages the day prior to the 
interview.
In the univariate unadjusted analyses, the 
probability of sugar-sweetened beverages 
consumption was significantly higher among 
children who identified as Aboriginal versus 
Torres Strait Islander, who were not taught 
traditional practices, who had experienced 
housing instability, who lived in more urban 
areas, who lived in more disadvantaged areas, 
and whose primary carers had lower levels of 
education, were not employed and reported 
financial strain (see Table 1). There was not 
a significant association between children’s 
sugar-sweetened beverage consumption and 
carers’ reports of serious worries about money, 
but this variable was included in model 
development as the p value was less than the 
pre-determined cut-off of .25.
Age group and gender were entered in the 
first model, and retained in all subsequent 
models (see Table 2 on p. 56). Indigenous 
Table 1: Distribution of individual­ and area­level characteristics and the unadjusted proportion of children consuming 
sugar­sweetened beverages within each category, LSIC Wave 4
Variable
Number 
of 
children
% 
consuming 
sugar­
sweetened 
beverages
95% CI 
(%) Variable
Number 
of 
children
% 
consuming 
sugar­
sweetened 
beverages
95% CI 
(%)
Total 1,282 51.0 (48, 54) Family financial strain (n = 1,274; p = .049)
Child characteristics We run out of money 165 53.9 (46, 62)
Age (n = 1,282; p = .337) We have just enough money 610 53.9 (50, 58)
Less than 4 years 272 48.9 (43, 55) We can save 499 46.9 (43, 51)
4–5 years 447 49.2 (45, 54) Food insecure (n = 1,279; p = .998)
5–7 years 266 55.6 (50, 62) No 1,183 51.1 (48, 54)
7 or more years 297 51.5 (46, 57) Yes 96 51.0 (41, 61)
Gender (n = 1,282; p = .946) Serious worries about money (n = 1,274; p = .117)
Female 630 51.1 (47, 55) No 918 49.9 (47, 53)
Male 652 50.9 (47, 55) Yes 356 54.8 (50, 60)
Indigenous identity (n = 1,282; p < .001) Household size (n = 1,282; p = .360)
Aboriginal 1,137 52.8 (50, 56) 2–3 members 206 48.5 (42, 55)
Torres Strait Islander 80 31.3 (21, 41) 4–5 members 592 49.8 (46, 54)
Aboriginal & Torres Strait Islander 65 44.6 (33, 57) 6+ members 484 53.5 (49, 58)
Child learns traditional practices such as collecting food or hunting 
(n = 1,267; p = 0.001)
Housing instability (n = 1,281; p = .001)
No 754 47.1 (44, 51)
Never 555 56.4 (52, 61) Yes 527 56.7 (53, 61)
Occasionally or often 712 47.1 (43, 51) Area­level characteristics
Household characteristics Level of Relative Isolation (n = 1,280; p < .001)
Education of primary carer (n = 1,176; p < .001) High/extreme 123 33.3 (25, 42)
Low (Year 10 or below) 505 59.2 (55, 63) Moderate 189 43.9 (37, 51)
High (past Year 10) 671 44.9 (41, 49) Low 611 59.6 (56, 63)
Primary carer employed (n = 1,281; p = .003) No 357 46.5 (41, 52)
No 820 54.1 (51, 58) Area-level disadvantage (n = 1,282; p = .001)
Yes 461 45.6 (41, 50) Most advantaged (IRISEO 8–10) 246 40.7 (35, 47)
Family income (n = 1,180; p = .428) Middle (IRISEO 4–7) 770 54.4 (51, 58)
< $399 per week 217 50.2 (44, 57) Most disadvantaged (IRISEO 1–3) 266 50.8 (45, 57)
$400–599 per week 289 54.0 (48, 60)
$600–999 per week 363 54.0 (49, 59)
$1,000 or more per week 311 48.6 (43, 54)
Notes: CI = confidence interval. The p value listed is for the LR χ2 test, testing for difference in the proportion of children consuming sugar-sweetened beverages across categories. The sample size 
varies across variables because some variables are missing data. Data on sugar-sweetened beverage consumption were missing for one participant in Wave 4, for a total of 1,282 observations.
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status, teaching of traditional practices, carer 
education, carer employment, financial strain, 
worries about money and housing stability 
were added in the second model; only carer 
education and housing stability remained 
significant and were maintained in subsequent 
models. The cluster-level variables of LORI and 
area-level disadvantage were added in the third 
model, and both were significant. All variables 
remained significant and were included in the 
final model.
Children’s sugar-sweetened beverage 
consumption was significantly associated 
with age, the primary carer’s education, 
housing stability, remoteness and area-level 
disadvantage (see Table 2). Overall, sugar-
sweetened beverage consumption was higher 
among older children, with significantly higher 
odds of consumption for children aged 5–7 
years compared to children less than 4 years 
of age. There was no significant difference 
in consumption between genders. Children 
had significantly higher odds of consuming 
sugar-sweetened beverages if their primary 
carer had low levels of education (odds ratio 
(OR) = 1.64, CI: 1.27, 2.11) or they experienced 
housing instability in the past year (OR = 1.35, 
CI: 1.04, 1.74). Compared to children living in 
the most remote areas, children living in low 
isolation areas (OR = 3.56, CI: 1.81, 7.01) and 
urban areas (OR = 3.18, CI: 1.55, 6.55) were 
significantly more likely to consume sugar-
sweetened beverages.
Discussion
These findings provide the first quantitative 
evidence on the impact of social, cultural and 
environmental factors on Indigenous children’s 
sugar-sweetened beverage consumption. 
Education of the primary carer, housing stability, 
remoteness and area-level disadvantage are 
important factors associated with this dietary 
behaviour and, therefore, health outcomes 
including obesity and dental caries.
In this study, we did not observe a significant 
difference in sugar-sweetened beverage 
consumption by gender, despite research 
suggesting higher consumption by male 
compared to female children in the Australian 
Table 2: Multilevel models examining the association between individual­ and area­level factors and the consumption of 
sugar­sweetened beverages by children in LSIC
Variable
Model 1 (n = 1,282) Model 2 (n = 1,175) Model 3 (n = 1,173)
OR a 95% CI b OR a 95% CI b OR a 95% CI b
Individual­level variables
Age group (ref. = < 4 years)
4–5 years 1.08 (0.78, 1.51) 1.14 (0.80, 1.61) 1.18 (0.84, 1.66)
5–7 years 1.38 (0.96, 1.99) 1.55 * (1.05, 2.29) 1.55 * (1.06, 2.28)
7 or more years 1.26 (0.88, 1.81) 1.38 (0.94, 2.02) 1.38 (0.95, 2.02)
Gender (ref. = female)
Male 0.99 (0.78, 1.25) 1.03 (0.80, 1.32) 1.02 (0.79, 1.30)
Education of primary carer (ref. = past Year 10)
Year 10 or below 1.72 * (1.33, 2.23) 1.64 * (1.27, 2.11)
Housing instability (ref. = no)
Yes 1.41 * (1.09, 1.83) 1.35 * (1.04, 1.74)
Cluster­level variables
Level of Relative Isolation (ref. = high/extreme)
Moderate 1.63 (0.80, 3.31)
Low 3.56 * (1.81, 7.01)
No 3.18 * (1.55, 6.55)
Area-level disadvantage (ref. = most advantaged [IRISEO 8–10])
Middle (IRISEO 4–7) 1.61 * (1.03, 2.51)
Most disadvantaged (IRISEO 1–3) 2.55 * (1.38, 4.70)
Notes: * Significant at p = .05. Odds represent the probability of consuming a sugar-sweetened beverage divided by the probability of not consuming a sugar-sweetened beverage. a The OR displayed 
in the table represent the odds of consuming a sugar-sweetened beverage in one group, compared to the odds in the reference group. A significant OR greater than 1 indicates that there are 
higher odds of sugar-sweetened beverage consumption in the group compared to the reference group. A significant OR less than 1 indicates that there are lower odds of sugar-sweetened 
beverage consumption in the group compared to the reference group. b There is always uncertainty in the calculation of these statistics; there is a 95% chance that the confidence interval 
displayed includes the true value for the odds ratio.
Education of the 
primary carer, 
housing stability, 
remoteness 
and area-level 
disadvantage 
are important 
factors associated 
with this dietary 
behaviour 
and, therefore, 
health outcomes 
including obesity 
and dental caries.
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population overall (Hector et al., 2009). We 
observed higher consumption among older 
children compared to those less than 4 years 
of age; this might be expected with children’s 
increasing autonomy.
The inclusion of multiple indicators of family 
socio-economic status enabled identification 
of factors that might be most relevant in 
this context. Housing can influence dietary 
intake through a person’s ability to store and 
cook food (Bailie & Wayte, 2006); further, 
residential instability can have a detrimental 
impact on wellbeing (King, Smith, & Gracey, 
2009). Education can influence diet through 
pathways including nutritional awareness; in a 
qualitative study, Indigenous adults in a remote 
community described the importance of the 
caregiver’s education in determining food 
choice (Brimblecombe et al., 2014).
Interestingly, household income, as measured 
by several indicators, was not a significant 
predictor of sugar-sweetened beverage 
consumption. This may indicate that income 
does not influence sugar-sweetened beverage 
consumption beyond its impact on parental 
education and housing. Alternatively, it might 
indicate that different measures of household 
socio-economic status are more relevant in 
this context. The conventional measure of 
household income, for example, may not be 
meaningful without considering the sharing 
of economic resources between members of 
extended families (Shepherd et al., 2012a).
The use of multilevel modelling allowed the 
examination of area-level influences, a novel 
approach in the field of Indigenous health 
research (Daniel et al., 2011). The observed 
influence of area-level disadvantage on 
unhealthy dietary behaviour is consistent 
with the extant literature (Giskes et al., 2011; 
Vereecken et al., 2005). One pathway by which 
area-level socio-economic status influences diet 
is through the accessibility and affordability of 
healthy foods. For example, a study in Greater 
Western Sydney demonstrated that the price 
disparity between healthy and unhealthy foods 
was greatest in areas with the highest levels of 
disadvantage (Barosh et al., 2014).
The use of a national dataset enabled 
examination of variation in sugar-sweetened 
beverages consumption by level of remoteness. 
The increased odds of sugar-sweetened 
beverage consumption in the more urban 
areas does not indicate that sugar-sweetened 
beverage consumption is not an issue in remote 
areas. As previously described in the literature 
(Brimblecombe et al., 2013; Butler, Tapsell, & 
Lyons-Wall, 2011; Gwynn et al., 2012; Lee et al., 
1994), sugar-sweetened beverage consumption 
Some community-
driven programs 
and policies 
have successfully 
reduced sugar-
sweetened 
beverage 
consumption in 
remote and rural 
areas.
was still high among LSIC children living in 
remote and very remote areas; however, this 
analysis uncovered an even higher level of soft 
drink consumption among Indigenous children 
within more urban areas.
There is a paucity of research investigating the 
health of urban Indigenous children (Eades 
et al., 2010), and the consumption of sugar-
sweetened beverages by urban Indigenous 
children has not been previously quantified. 
These findings are unsurprising given the 
burgeoning availability of sugar-sweetened 
beverages in urban areas; for example, from 
24-hour petrol stations, convenience stores, 
supermarkets and fast food outlets (Barosh 
et al., 2014; De Vogli, Kouvonen, & Gimeno, 
2014). Given the continuing urbanisation of 
the Indigenous Australian population, this is an 
important issue to address (Eades et al., 2010; 
King et al., 2009).
Some community-driven programs and 
policies have successfully reduced sugar-
sweetened beverage consumption in remote 
and rural areas. For example, in an isolated 
remote community of around 400 people 
in the Anangu Pitjantjatjara Yankunytjatjara 
(APY) Lands, 46,153 litres of sugar-sweetened 
beverages were purchased from 2007–08, 
containing an estimated 6.47 tonnes of sugar 
(Butler et al., 2011). Concerned over this high 
sugar-sweetened beverage intake, community 
members developed a store nutrition policy 
removing the three top-selling sugar-sweetened 
beverages from their community store (Butler 
et al., 2011). This community-directed policy 
halved the community’s consumption of sugar-
sweetened beverages.
There is no evidence on efforts to reduce 
sugar-sweetened beverage consumption within 
urban areas. However, the impact of the 
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recent ban of sugar-sweetened beverages in 
ACT public schools can be evaluated and, if 
proven successful and appropriate, this policy 
could be expanded to other areas (particularly 
disadvantaged urban areas). This policy in 
isolation would not address all of the factors 
shown to influence sugar-sweetened beverage 
consumption. Effective action would require 
action on education, housing and disadvantage, 
as these factors all shape a child’s ability to 
engage in healthy behaviours.
Limitations
This study suffers from several limitations. First, 
causal associations cannot be drawn, given the 
cross-sectional nature of this analysis. Future 
research is needed to investigate longitudinal 
patterns of these associations, and to examine 
the association between these factors and 
health outcomes.
This study did not examine the quantity 
of sugar-sweetened beverages consumed, 
but rather examined if a child reportedly 
consumed any amount of these beverages 
on the day preceding the interview. Further, 
sugar-sweetened beverage consumption was 
not directly measured, but was reported by 
the child’s primary carer. Several forms of bias 
could influence the reporting of this behaviour, 
such as recall or reporting bias. These recall 
data have not been validated; however, a similar 
recall method was used in the Longitudinal 
Study of Australian Children (LSAC), and 
Setting 
Indigenous 
children off on a 
good trajectory 
could reduce their 
burden of disease 
in adulthood and 
progress efforts 
to “close the 
gap”.
much research has been published using these 
data—including on sugar-sweetened beverage 
consumption (Fuller-Tyszkiewicz, Skouteris, 
Hardy, & Halse, 2012; Magee, Caputi, & Iverson, 
2013; Millar et al., 2013).
This study explored only a subset of all variables 
potentially influencing sugar-sweetened 
beverage consumption, limited by the measures 
available in LSIC. There are a range of additional 
factors at both the individual- and area-level 
that may be associated with sugar-sweetened 
beverage consumption, including personal 
factors, parenting practices, community 
norms, and marketing and availability of these 
beverages (Hector et al., 2009). The inclusion 
of additional variables could alter the results of 
the model.
Methods of variable selection vary widely 
by discipline and modelling technique, and 
employing multiple methods to select the 
variables used in these models was beyond 
the scope of this paper. The technique used 
is similar to that applied in other related 
epidemiological multilevel modelling studies 
(Ball, Crawford, & Mishra, 2006; Vereecken et 
al., 2005).
Children’s exact geographic location is not 
available in LSIC, so spatial clustering in LSIC 
was identified using Indigenous Area codes. 
There are limitations associated with using a 
spatial measure to identify neighbourhoods; 
for example, the boundaries of these areas may 
not line up with participants’ perception of their 
neighbourhood boundaries, and they may not 
correspond to the spatial distribution of food 
outlets, health services or other environmental 
features with potential implications for health 
(Riva, Gauvin, & Barnett, 2007).
This study included only children with 
complete data on the variables of interest, 
potentially inducing bias. However, we did 
not observe any significant differences in the 
characteristic of the sample included in the 
final model (n = 1,173) compared to the whole 
Wave 4 sample (n = 1,283). As LSIC is not a 
representative survey, this study is not intended 
to be representative of the entire population of 
Aboriginal and Torres Strait Islander children; 
these findings reflect the 1,173 children 
providing data on these items in 2011.
Conclusion
Health risk behaviours such as diet tend to 
track throughout life, accumulating across the 
life course and resulting in increased disease 
risk (Pearson, Salmon, Campbell, Crawford, 
& Timperio, 2011). Thus, early childhood is 
an opportune time for intervention. Setting 
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Indigenous children off on a good trajectory 
could reduce their burden of disease in 
adulthood and progress efforts to “close the 
gap”.
The observed patterning of this behaviour 
among Indigenous children suggests 
that although sugar-sweetened beverage 
consumption is an individual choice, it is 
significantly influenced by the broader context. 
Thus, programs aiming to bring about sustained 
changes to the dietary behaviour and health 
of Indigenous children are unlikely to be 
successful if they do not address the context in 
which this individual choice is made (Closing 
the Gap Clearinghouse, 2012; Osborne, 
Baum, & Brown, 2013). This demonstrates 
the importance of addressing broader issues 
not confined to the health portfolio; policy 
development should occur across sectors, 
including housing, education, employment, 
social welfare and community development 
(Daniel et al., 2011; Friel, Chopra, & Satcher, 
2007; Osborne et al., 2013; Sacks, Swinburn, 
& Lawrence, 2008; Senate Community Affairs 
References Committee, 2013; Shepherd et al., 
2012a).
There is limited evidence on effective cross-
sectoral policies and programs to encourage 
healthy behaviours among Indigenous 
children. Some exemplars do exist, however, 
and the uniting principles underlying these 
successful programs should be used to guide 
program development. Before expanding 
programs, it is critical to ensure that the 
programs are transferable (Wang, Moss, & 
Hiller, 2006); programs need to reflect local 
interests, to be tailored to suit the needs of 
individual communities, and to be based on 
community support and governance (Wilson, 
Jones, Kelly, & Magarey, 2012). The elevated 
cost of such programs should be weighed 
against their broader benefits for the wellbeing 
of Indigenous Australians and for health equity 
(Chi, 2013).
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Abstract
Objective: To identify barriers to fruit and vegetable intake for Indigenous Australian
children and quantify factors related to these barriers, to help understand why
children do not meet recommendations for fruit and vegetable intake.
Design: We examined factors related to carer-reported barriers using multilevel
Poisson models (robust variance); a key informant focus group guided our
interpretation of ﬁndings.
Setting: Eleven diverse sites across Australia.
Subjects: Australian Indigenous children and their carers (N 1230) participating in
the Longitudinal Study of Indigenous Children.
Results: Almost half (45%; n 555/1230) of carers reported barriers to their
children’s fruit and vegetable intake. Dislike of fruit and vegetables was the most
common barrier, reported by 32·9% of carers; however, we identiﬁed few factors
associated with dislike. Carers were more than ten times less likely to report
barriers to accessing fruit and vegetables if they lived large cities v. very remote
areas. Within urban and inner regional areas, child and carer well-being, ﬁnancial
security, suitable housing and community cohesion promoted access to fruit and
vegetables.
Conclusions: In this national Indigenous Australian sample, almost half of carers
faced barriers to providing their children with a healthy diet. Both remote/outer
regional carers and disadvantaged urban/inner regional carers faced problems
accessing fruit and vegetables for their children. Where vegetables were
accessible, children’s dislike was a substantial barrier. Nutrition promotion must
address the broader family, community, environmental and cultural contexts that
impact nutrition, and should draw on the strengths of Indigenous families and
communities.
Keywords
Diet, food and nutrition
Child health
Holistic health
Health behaviour
Poor diet is the leading preventable risk factor for poor
health in Australia, estimated to account for more than
10% of the total burden of disease(1), including through its
association with conditions including cardiovascular and
circulatory diseases, cancer and diabetes. The disease
burden attributable to poor diet is estimated to be nearly
double (19%) in the Indigenous population; four of the
seven leading risk factors contributing to the gap in health
between the Indigenous and non-Indigenous populations
relate to diet (obesity, high blood cholesterol, high blood
pressure, low fruit and vegetable intake)(2).
Australian guidelines recommend that children aged
4–8 years consume 1½ servings of fruit and 4½ servings of
vegetables daily, increasing to 2 and 5 servings daily,
respectively, for children aged 9–11 years(3). Data from a
2012–2013 national survey indicated that while 78% of
Indigenous children met recommendations for fruit intake,
only 16% met recommendations for vegetable intake(4),
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consistent with statistics for non-Indigenous Australian
children(5). Increasing fruit and particularly vegetable
intake by Indigenous children could decrease the
burden of disease. However, there is limited evidence on
the effectiveness of existing programmes and policy to
improve Indigenous nutrition(6).
Indigenous Australians have a diversity of cultures
and live in varied environments(7). About 57% of the Indi-
genous population lives in major cities or inner regional
areas (approximately 380 800 people) and 21% in remote or
very remote settings (approximately 142 900 people), com-
pared with 90% and 2% of the non-Indigenous population,
respectively(8). On average, Indigenous Australians have
lower socio-economic status than non-Indigenous Aus-
tralians, and are more likely to live in homes that are over-
crowded or have infrastructure problems(9,10) and to live in
areas of socio-economic deprivation(11).
Food choice is complex and inﬂuenced by a broad
range of factors(12–15). The ability to purchase fruit and
vegetables is inﬂuenced by their accessibility, affordability
and availability; in Australia, basic healthy food items are
less likely to be available and more likely to be more
expensive and of lower quality in remote areas compared
with urban centres(16–18). Food purchasing behaviour is
strongly associated with socio-economic status and is
also shaped by individual preferences and cultural
factors(12,13,17,19–22). Connection and commitment to
extended family and community members, and com-
munity organisations and events have been identiﬁed as
factors supporting Indigenous well-being(23,24). For
example, cultural values and norms about reciprocity and
generosity encourage Indigenous families to share food
and resources with others(25); many households often feed
extra people(12,26,27) and ‘humbugging’, wherein relatives
or friends request money or resources, is a common
practice in some communities(25,28). Traditional knowl-
edge and food systems are also understood to promote
Indigenous nutrition(29); however, these were disrupted
through colonisation and its lasting impacts on the Indi-
genous population, resulting in profound changes to
Indigenous food practices(13,26,30,31). Contemporarily,
market foods are estimated to generally constitute the
majority of food intake by Indigenous Australians, with
‘bush tucker’ (hunted and cultivated traditional foods)
a minor contributor to intake(29,32–34).
Overall, Indigenous children disproportionately face
barriers to fruit and vegetable intake compared with
non-Indigenous children, given the population distribu-
tion, lower socio-economic status, and unique historical,
political and cultural context. Qualitative research in both
remote and urban settings has depicted how broader
social, cultural and environmental factors inﬂuence
Indigenous Australians’ food choice(12,13,17,19,20). The
purpose of the current work was to quantify factors related
to perceived barriers to fruit and vegetable intake for
Indigenous Australian children, in order to understand
why children do not meet recommendations for intake.
We have focused on identifying protective (rather than
risk) factors that facilitate children’s consumption of fruit
and vegetables. Within this, we explore variation between
urban, regional and remote settings, given the vast dif-
ferences in food environments, population characteristics
and cultural contexts.
Methods
Mixed methods
The current study analyses quantitative data from the
Longitudinal Study of Indigenous Children (LSIC) and
qualitative data from a key informant focus group. Rather
than relying on quantitative epidemiological analyses on
their own, we conducted a focus group as part of our
research protocol to guide data interpretation(35). This
mixed-methods approach(36) facilitates a more holistic
analysis, considering multiple perspectives and drawing
on multiple ways of sharing knowledge(37,38), and
enhances the interpretation and contextualisation of
ﬁndings(35). Our approach was guided by Bronfenbrenner
and Morris’ social ecological model(39) and a conceptual
framework applied within the Pro Children project(40,41).
Study population
The LSIC is a national study managed by the Australian
Government’s Department of Social Services(42). Purpo-
sive sampling was used to recruit Aboriginal and Torres
Strait Islander children from eleven diverse sites across
Australia. The survey design and the implications for
analysis have been described elsewhere(42,43). Indigenous
Research Administration Ofﬁcers (RAOs) conduct annual
face-to-face interviews with children and their primary
carer (the child’s mother in the majority of cases, or
sometimes the father, a relative or other guardian). The
present analysis is based on data collected in 2013, in
Wave 6 of the LSIC. The primary carer reported all data
included in the analysis, with the exception of children’s
BMI, which was calculated based on height and weight
measurements taken by RAOs, and remoteness and area-
level disadvantage, which were derived from participants’
addresses.
Focus group methods
In February 2015, the lead author (K.A.T.), a non-
Indigenous woman, conducted a focus group with the
RAOs currently conducting LSIC interviews (n 12/12). As
all RAOs are Indigenous and most live in the sites in which
they conduct interviews, we considered them key infor-
mants in these communities, holding pertinent contextual
knowledge(35).
The focus group was semi-structured to facilitate the
sharing of stories and to allow new issues to emerge
throughout the discussion(44); the participants guided the
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depth and focus of discussion on each topic. During the
focus group, K.A.T. presented preliminary descriptive
analysis of the relevant LSIC data, including: the distribu-
tion of carer-reported fruit and vegetable intake by
children, overall and by remoteness; carer-reported
barriers to children’s fruit and vegetable intake, overall
and by remoteness; examples of carers’ free-text respon-
ses about why their children did not eat more fruit and
vegetables; and examples of carers’ free-text responses
about how they encouraged their children to eat more fruit
and vegetables. For each item, K.A.T. asked RAOs to
comment if this was consistent with the experience they
had in the site in which they worked, if they thought the
ﬁndings were important and what they thought the ﬁnd-
ings meant. RAOs were encouraged to share stories and
experiences from the ﬁeld.
K.A.T. conducted, transcribed and analysed the focus
group interview, which was audio-recorded with partici-
pants’ content. The LSIC team reviewed and approved the
transcript; a follow-up discussion was held with the RAOs
in 2016 to discuss the interpretation of ﬁnal results and
their implications.
Variables in the quantitative analysis
Exposures
Child factors. We examined children’s age at the time of
survey, sex, and identiﬁcation as Aboriginal, Torres Strait
Islander or both. We also examined indicators of the
child’s well-being: general health, social and emotional
well-being (low/moderate v. high risk of social and
emotional behavioural difﬁculties according to the
Strengths and Difﬁculties Questionnaire(45,46)), and BMI
category(47,48).
Family factors. We examined objective and subjective
measures of families’ ﬁnancial situations: carer’s relation-
ship status, weekly household income, ﬁnancial strain (run
out of money before payday/spending more than earning;
enough money to get through to the next payday; can
save a bit/a lot), serious worries about money in past year,
food insecurity (going without meals because of a lack of
money) in the past year, and carer’s highest qualiﬁcation
and employment status. We examined indicators of
resource sharing: being humbugged in the past year, fre-
quency of feeding others who don’t live at home and
pressures to support others in the community.
We also examined carers’ general health and social and
emotional well-being (low or high distress, based on a
social and emotional well-being index(49)) and the number
of negative major life events experienced by the family in
the past year.
We examined whether the family had an evening meal
together in the past week and carers’ perceptions of the
importance of passing on cultural knowledge to their
children about bush tucker, hunting and ﬁshing. We also
examined household size and housing problems (home has
felt too crowded in past year; moved house in past year;
problems with fridge and/or cooking facilities; major
electrical problems at home; security problems at home –
major problems with locks, windows, doors or screens).
Area-level factors. Geographical remoteness in the LSIC
is measured using the Level of Relative Isolation scale(50).
Areas are categorised as having no, low, moderate, high or
extreme isolation; these categories correspond to major
cities, larger regional centres, smaller regional centres far
from large cities and communities/settlements generally
with a predominantly Indigenous population, respectively.
For stratiﬁed analyses, we classiﬁed areas with no or low
isolation as urban/inner regional (urban/IR) and areas
with moderate or high/extreme isolation as remote/outer
regional (remote/OR).
Area-level disadvantage was measured using the
Index of Relative Indigenous Socioeconomic Outcomes
(IRISEO)(51), an index calculated speciﬁcally for Indigenous
Australians based on nine measures of socio-economic
status. We categorised areas as having the highest level of
advantage (IRISEO 8–10), mid-level advantage (IRISEO 4–7)
and the lowest level of advantage (IRISEO 1–3).
Carers also reported if they experienced a problem with
racially motivated violence, alcohol misuse, and break-ins
or theft in their community.
See the online supplementary material, Supplemental
File 1, for more details on exposure variables.
Outcome
All carers were asked if they would like their children to
eat more fruit and/or vegetables. Carers responding that
they wanted their children to eat more were asked to
select up to two barriers to their child’s fruit and/or
vegetables intake: ‘child doesn’t like them or refuses to eat
them’, ‘too expensive’, ‘not readily available (e.g. shop
doesn’t have enough)’, ‘poor quality of fresh produce’,
‘issue with transport (e.g. shop too far away or no car)’, ‘no
food preparation area or storage’, ‘don’t know’ or ‘other’.
Carers reporting barriers related to accessibility, afford-
ability and availability (‘too expensive’, ‘not readily avail-
able’, ‘poor quality’, ‘issue with transport’, ‘no food
preparation area or storage’) were categorised as
perceiving accessibility-related barriers. Carers responding
that their children ‘had enough’ fruit and vegetables were
considered to perceive no barriers to intake. Carers who
responded ‘don’t know’ (0·4%, n 5/1239) or who speciﬁed
a different answer (0·3%, n 4/1239) were excluded.
To ensure that our outcome variable was meaningful,
we validated that carers’ perceptions of barriers reﬂected
low fruit and vegetable intake by their children, and that
the relationships of exposures to carers’ perception of
barriers were consistent with the relationships of these
exposures to children’s low vegetable intake. This
validation was conducted within the sample of children
(n 502/1230) who had data on dietary intake (see online
supplementary material, Supplemental File 2).
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Analytical methods
Rather than looking at factors relating to carers’ perception
of any barriers, we separately examined factors related to
accessibility barriers and factors related to children’s
dislike of fruit and vegetables, as the factors related to
these two barrier types might vary. It is difﬁcult to interpret
dislike if children have limited access to fruit and
vegetables, or if they only have access to fruit and
vegetables that are of poor quality, so we examined factors
related to children’s dislike in the sample restricted to
those without any accessibility barriers.
We calculated prevalence ratios (PR) using multilevel
Poisson models with robust variance. Children’s
geographic cluster was included as a level variable to
account for the within-cluster correlation resulting from the
LSIC’s survey design. We ﬁrst adjusted these models for age
group and sex only. We expected that remoteness might
confound these relationships, given known variation in
food availability and sociocultural context across levels of
remoteness, so we repeated the models with additional
adjustment for remoteness and examined how this altered
relationships. If ﬁndings indicated potential residual con-
founding by remoteness, we repeated analyses separately
in the urban/IR and remote/OR groups. We tested if the
exposure–outcome relationships varied between urban/IR
and remote/OR environments by repeating the models in
the whole sample including an interaction term between
the dichotomous remoteness variable and the exposure,
with Pinteraction< 0·05 indicating a signiﬁcant difference.
Analysis of the qualitative data from the focus group
guided our interpretation of quantitative ﬁndings(35). The
qualitative data were analysed thematically(52). Inductive and
deductive codes were developed based on our open-ended
questions and reﬁned as new information was found. Coded
textual segments were grouped into categories and
sub-categories which were then developed into themes(53)
and further reﬁned and cross-checked through discussions
within the team. The qualitative ﬁndings reported in the
present manuscript reﬂect the outcomes of the group
discussion and the unique viewpoints of RAOs working in
different settings.
Ethics
The LSIC survey was conducted with ethical approval
from the Departmental Ethics Committee of the Australian
Commonwealth Department of Health and from relevant
Ethics Committees in each state and territory, including
relevant Aboriginal and Torres Strait Islander organisa-
tions. The Australian National University’s Human
Research Ethics Committee granted ethics approval for
the quantitative analysis of LSIC data in October 2011
(protocol number 2011/510); approval to conduct the
focus group and for subsequent engagement with key
informants was granted in 2015 and 2016, respectively.
Results
Proﬁle of the sample
Interviews were conducted with 1239 carers in LSIC Wave
6, of whom 1230 provided data on barriers to their
children’s fruit and vegetable intake. Children in the
younger cohort were aged 4–6 years and children in the
older cohort were aged 7–10 years; 614 female and 616
male children were included in the sample. The majority
of families in the sample were living in urban/IR areas,
78·7% (n 968/1230), with 21·3% (n 262/1230) living in
remote/OR areas. Characteristics of the participating
families are presented in Table 1.
On average, carers reported that children in the older
cohort consumed 2·1 servings of fruit daily, with about
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Table 1 Profile of families participating in the Australian Longitudinal Study of Indigenous Children (LSIC), Wave 6, 2013
Remote/OR (N 262) Urban/IR (N 968) Total (N 1230)
% n/N % n/N % n/N
Carer is partnered 58·0 152/262 54·7 529/968 55·4 681/1230
Carer has education Year 12 or further 39·5 92/233 44·4 399/899 43·4 491/1132
Household income ≥$AU 600/week 47·3 104/220 63·7 581/912 60·5 685/1132
Family has not been humbugged in past year 60·2 157/261 75·8 733/967 72·5 890/1228
No problem with pressure to support others in the community 51·0 126/247 79·8 700/877 73·5 826/1124
Household size ≥6 members 52·3 137/262 35·4 343/968 39·0 480/1230
Households with working fridge and cooking facilities 82·7 143/173 95·0 667/702 92·6 810/875
Living in areas in highest tertile of advantage 3·8 10/262 25·9 251/968 21·2 261/1230
Older cohort only (N 495) Mean 95% CI Mean 95% CI Mean 95% CI
Number of usual daily servings of fruit 2·1 1·9, 2·3 2·1 2·0, 2·2 2·1 2·0, 2·2
n 99 394 493
Number of usual daily servings of vegetables 1·8 1·6, 2·1 1·9 1·7, 2·0 1·9 1·8, 2·0
n 99 396 495
The sample includes those with data on barriers. Data on intake of fruit and vegetables were recorded for the older cohort (children aged 7–10 years) only.
Sample size varies due to missing data on the exposures of interest.
Urban/inner regional (urban/IR) areas were defined as those with no or low isolation (major cities and larger regional centres) and remote/outer regional (remote/
OR) areas as those with moderate or high/extreme isolation (smaller regional centres far from large cities and communities/settlements generally with a
predominantly Indigenous population).
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80% meeting the recommended daily intake for their age
group. Vegetable intake was much lower in the sample,
with less than 5% of children meeting their recommended
daily intake; on average, carers reported that children
consumed 1·9 servings of vegetables daily. We did not
observe signiﬁcant variation in intake between remote/OR
and urban/IR settings.
Reported barriers
Almost half of carers (45·1%; n 555/1230) reported a
barrier to their child’s fruit and vegetable intake (Table 2);
17·5% (n 215) reported barriers to vegetable intake only,
4·1% (n 51) reported barriers to fruit intake only, and
23·5% (n 289) reported barriers to both fruit and vegetable
intake. In the following analyses, we have examined
barriers to fruit and vegetable intake combined.
Children’s dislike of fruit and/or vegetables was the most
common barrier, reported by 32·9% (n 405/1230) of carers.
An additional 7·4% of carers reported barriers related to
accessibility: 4·1% (n 51/1230) said fruit and vegetables
were too expensive, ≤3·2% (n ≤ 39/1230) said they were
not available, ≤2·3% (n≤ 28/1230) said they were of poor
quality, 0·7% (n 9/1230) reported issues with transport and
≤0·5% (n≤6/1230) said that food preparation or storage
areas were not available. Few carers (1·2%; n 15/1230)
reported barriers related to both dislike and accessibility.
An additional 6·7% of carers speciﬁed other reasons
(n 82/1230 carers providing ninety-four total responses), with
the main themes of: fussy eating and children making their
own choices (n 20); carers’ cooking and eating habits,
including time constraints (n 14); the preparation or appear-
ance of fruit and vegetables (n 9); dietary restrictions due to
disability or health conditions (n 9); the type or variety of fruit
and vegetables available (n 8); ‘running out’ of fruit and
vegetables at home quickly, or not purchasing enough (n 7);
and competition from alternatives such as junk food (n 6).
The proportion of carers reporting any barriers to the
child’s fruit and vegetable consumption was 48·1% in
remote/OR and 44·3% in urban/IR areas. Children’s dislike
of fruit and vegetables was the most common barrier in both
settings, but barriers related to accessibility were more
commonly reported by remote/OR carers (Table 2 and
Fig. 1). In remote/OR settings, 24·8% (n 65/262) of carers
reported children’s dislike, 24·0% (n 63/262) reported any
accessibility barriers and 2·7% (n 7/262) speciﬁed other
reasons. In urban/IR settings, 35·1% (n 340/968) of carers
reported children’s dislike, 2·9% (n 28/968) reported any
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Table 2 Barriers to children’s fruit and vegetable consumption reported by carers in the Australian Longitudinal Study of Indigenous
Children (LSIC), Wave 6, 2013
Carer-reported barriers to children’s fruit and vegetable intake
Remote/OR Urban/IR Total
% n/N % n/N % n/N
No barriers to intake 51·9 136/262 55·7 539/968 54·9 675/1230
Children’s dislike 24·8 65/262 35·1 340/968 32·9 405/1230
Any accessibility barriers 24·0 63/262 2·9 28/968 7·4 91/1230
Too expensive 11·5 30/262 2·2 21/968 4·1 51/1230
Not available 13·7 36/262 ≤0·3 ≤3/968 ≤3·2 ≤39/1230
Poor quality 9·5 25/262 ≤0·3 ≤3/968 ≤2·3 ≤28/1230
Transport issues 1·5 4/262 0·5 5/968 0·7 9/1230
No preparation or storage area ≤1·1 ≤3/262 ≤0·3 ≤3/968 ≤0·5 ≤6/1230
Other 2·7 7/262 7·7 75/968 6·7 82/1230
Don’t know or refused ≤1·1 ≤3/262 2·7 26/968 ≤2·4 ≤29/1230
Remote/OR, remote/outer regional; urban/IR, urban/inner regional.
Carers who reported any barriers to their children’s fruit and vegetable intake were allowed to select up to two specific barriers from the provided response
options. The table includes data on both of the carers’ responses if they reported two different barriers; thus, the sum of all responses sums to more than the
total percentage reporting any barrier.
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Fig. 1 (colour online) Categories of carer-reported barriers to
children’s fruit and vegetable consumption in urban/inner regional
(urban/IR) and remote/outer regional (remote/OR) settings
among families participating in the Australian Longitudinal
Study of Indigenous Children (LSIC), Wave 6, 2013 (N 1230).
Responses were categorised as ‘Child dislike only’ ( ) if the only
barrier the carer reported was that the child did not like fruit and/or
vegetables; ‘Accessibility only’ ( ) if the carer only reported
barriers related to accessibility and availability (too expensive, not
available, poor quality, transport issues, and no storage);
‘Accessibility + child dislike’ ( ) if the carer reported children’s
dislike and a barrier related to accessibility or availability; or
‘Other, don’t know or refused only’ ( )
Barriers to nutrition for Indigenous children 5
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accessibility barriers and 7·7% (n 75/968) speciﬁed other
reasons.
Factors associated with accessibility barriers
Accessibility barriers were strongly associated with remo-
teness. The percentage of carers reporting an accessibility
barrier increased from 2·0% (n 7/348) in areas with the
lowest level of remoteness to 33·7% (n 35/104) in areas
with the highest level of remoteness, corresponding to a
greater than tenfold increased prevalence after adjustment
for age and sex (PR= 14·1, 95% CI 4·3, 46·4). The mag-
nitude of these differences indicated that simply adjusting
for remoteness might result in residual confounding by
remoteness, so we present the analyses stratiﬁed by
remote/OR v. urban/IR status (see online supplementary
material, Supplemental File 3, for unstratiﬁed results).
Remote/outer regional areas
Within remote/OR areas, accessibility barriers were sig-
niﬁcantly associated with indicators of family ﬁnancial
status, resource sharing and housing, as well as
community-level factors (Table 3). Remote/OR carers
were signiﬁcantly less likely to report accessibility barriers
if they did not experience food insecurity in the past year
(20·3 v. 59·3%; PR= 0·6, 95% CI 0·4, 0·9), were not
humbugged in the past year (16·6 v. 35·6%; PR= 0·6, 95%
CI 0·4, 1·0) and did not have electrical problems at home
(21·4 v. 64·7%; PR= 0·7, 95% CI 0·5, 0·9). Carers who lived
in communities where racially motivated violence was not
a problem (23·2 v. 46·7%; PR= 0·8, 95% CI 0·7, 1·0), or in
areas with higher levels of advantage, were signiﬁcantly
less likely to report accessibility barriers. Carers who
considered it important to teach their children about bush
tucker were more likely to report accessibility barriers than
carers who did not consider it important.
Urban/inner regional areas
Although the absolute prevalence of accessibility barriers
was much lower for carers in urban/IR v. remote/OR areas,
we observed pronounced factors associated with accessi-
bility barriers within the urban/IR group (Table 3). Advan-
tage at both the family and area level was associated with a
substantially lower prevalence of accessibility barriers. For
example, the risk of accessibility barriers was reduced more
than tenfold for urban/IR carers who reported they usually
could save money v. ran out of money before the next
payday (0·5 v. 6·7%; PR=0·1, 95% CI 0·0, 0·3) and who
lived in areas with highest v. lowest tertile of advantage
(≤1·2 v. 13·8%; PR=0·1, 95% CI 0·0, 0·3). We also observed
a lower prevalence of accessibility barriers among carers
who were partnered (1·9 v. 4·1%; PR=0·4, 95% CI 0·2, 0·8),
who had weekly incomes ≥$AU 600 v. <$AU 600 (2·1 v.
4·5%; PR=0·5, 95% CI 0·3, 0·9) and who did not report
worries about money (2·1 v. 4·9%; PR=0·4, 95% CI 0·2, 0·7)
or experience food insecurity (2·4 v. 13·3%; PR=0·3, 95%
CI 0·1, 0·8) in the past year.
Factors related to the sharing of resources were also
signiﬁcantly associated with accessibility barriers; carers
were signiﬁcantly less likely to report accessibility barriers
if they were not humbugged in the past year (1·9 v. 6·0%;
PR= 0·4, 95% CI 0·2, 0·9) and if they were not pressured to
support others in their community (1·6 v. 7·3%; PR= 0·3,
95% CI 0·1, 0·6). Urban/IR carers were also less likely to
report accessibility barriers if they did not experience
issues with their housing (PR= 0·3, 95% CI 0·2, 0·7 for
overcrowding; PR= 0·2, 95% CI 0·1, 0·4 for problems with
cooking facilities; PR= 0·4, 95% CI 0·2, 0·9 for problems
with home security).
Carers living in urban/IR areas were less likely to report
accessibility barriers if they or their children had good
social and emotional well-being, and if they lived in
communities without racially motivated violence (2·1 v.
5·6%; PR= 0·2, 95% CI 0·1, 0·6) or alcohol misuse (1·6 v.
4·9%; PR= 0·4, 95% CI 0·2, 0·9). As observed in remote/
OR areas, urban/IR carers who considered it important to
teach their children about bush tucker were more likely
to report accessibility barriers than carers who did not
consider it important.
Similarities and differences in remote/outer regional v.
urban/inner regional areas
In most cases, the relationship between exposures and
accessibility barriers was consistent within the urban/IR
and remote/OR samples, although the magnitudes of
effect were often much larger for the urban/IR v. remote/
OR group. However, we did observe that some exposures
were differentially associated with accessibility barriers for
carers in urban/IR compared with remote/OR environ-
ments (Pinteraction< 0·05); this occurred for child and carer
social and emotional well-being, carer’s relationship
status, ﬁnancial strain, worries about money, problems
with racially motivated violence, overcrowding and
problems with cooking facilities in the home. In all but one
of these cases, we observed a signiﬁcant association
between the exposure and accessibility barriers in the
urban/IR sample, but a null relationship in the remote/OR
sample. In the case of racially motivated violence, the
relationship was signiﬁcant in both the urban/IR and
remote/OR samples, but the effect size was markedly
greater in the urban/IR sample. We did not calculate the
P value for interaction between the dichotomous remo-
teness variable and the child’s Indigenous identiﬁcation,
given the small number of Torres Strait Islander children
living in urban/IR areas.
Factors associated with children’s dislike of fruits
and vegetables
Among carers who did not report barriers related to
accessibility, we observed few factors signiﬁcantly asso-
ciated with children’s dislike of fruit and vegetables
(Table 4). After adjustment for age, sex and remoteness,
carers were less likely to report dislike as a barrier if their
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Table 3 Factors associated with carers perceiving accessibility-related barriers to children’s fruit and/or vegetable intake, according to
remoteness, in the Australian Longitudinal Study of Indigenous Children (LSIC), Wave 6, 2013
Remote/OR Urban/IR
% n/N PR 95% CI % n/N PR 95% CI
Total 24·1 63/262 – – 2·9 28/968 – –
Child factors
Sex
Male 21·6 27/125 1·00 3·7 18/491 1·00
Female 26·3 36/137 1·03 0·78, 1·37 2·1 10/477 0·57 0·26, 1·27
Age group
4–5 years 26·4 14/53 1·00 4·1 9/222 1·00
6–7 years 24·1 27/112 1·10 0·74, 1·65 2·5 9/355 0·60 0·24, 1·52
8–10 years 22·7 22/97 0·85 0·57, 1·26 2·6 10/391 0·70 0·32, 1·53
Indigenous identification†,§
Aboriginal 29·1 55/189 1·00 3·1 27/881 1·00
Torres Strait Islander ≤6·1 ≤3/49 0·45 0·08, 2·49 ≤7·9 ≤3/38 0·00 0·00, 0·00
Both 20·8 5/24 0·91 0·38, 2·19 ≤6·1 ≤3/49 0·52 0·05, 5·21
General physical health
Poor, fair, or good 36·5 42/115 1·00 4·8 9/189 1·00
Very good or excellent 14·3 21/147 0·62 0·38, 1·01 2·4 19/779 0·74 0·37, 1·49
Social and emotional well-being†,‡
High risk of difficulties 31·3 20/64 1·00 7·4 16/217 1·00
Low risk of difficulties 21·7 43/198 0·94 0·64, 1·37 1·6 12/748 0·23 0·12, 0·45
BMI category
Overweight or obese 23·3 14/60 1·00 2·4 8/331 1·00
Normal weight 28·4 38/134 0·75 0·53, 1·06 3·2 14/441 1·41 0·73, 2·73
Underweight ≤25·0 ≤3/12 0·54 0·16, 1·81 ≤50·0 ≤3/6 2·00 1·01, 3·99
Family factors
Carer’s general physical health
Poor, fair, or good 27·8 49/176 1·00 3·6 19/529 1·00
Very good or excellent 15·3 13/85 0·66 0·34, 1·30 2·1 9/439 0·74 0·34, 1·60
Carer’s social and emotional well-being†,‡
High distress 15·7 8/51 1·00 7·3 14/191 1·00
Low distress 26·3 55/209 1·55 0·69, 3·48 1·8 14/769 0·27 0·15, 0·46
Negative major life events in past year
3–9 32·3 30/93 1·00 3·7 11/294 1·00
<3 19·5 33/169 0·82 0·63, 1·07 2·5 17/673 0·63 0·33, 1·22
Carer is partnered†,‡
No 20·0 22/110 1·00 4·1 18/439 1·00
Yes 27·0 41/152 1·01 0·65, 1·58 1·9 10/529 0·41 0·22, 0·79
Weekly household income†
<$AU 600 39·7 46/116 1·00 4·5 15/331 1·00
≥$AU 600 9·6 10/104 0·62 0·30, 1·28 2·1 12/581 0·51 0·29, 0·91
Financial strain†,‡
Run out of money 68·4 13/19 1·00 6·7 8/120 1·00
Just enough money 27·5 28/102 0·82 0·48, 1·40 4·3 18/419 0·56 0·23, 1·34
Can save money 15·8 22/139 0·62 0·36, 1·07 0·5 2/425 0·07 0·02, 0·30
Worries about money in past year†,‡
Yes 20·5 9/44 1·00 4·9 14/287 1·00
No 25·1 54/215 1·26 0·90, 1·77 2·1 14/678 0·36 0·19, 0·68
Went without meals in past year*,†
Yes 59·3 16/27 1·00 13·3 6/45 1·00
No 20·3 47/231 0·56 0·36, 0·86 2·4 22/920 0·30 0·11, 0·77
Carer’s employment status
Not employed 25·5 41/161 1·00 3·7 21/574 1·00
Employed part-time 34·3 12/35 1·07 0·69, 1·66 2·0 4/203 0·63 0·21, 1·89
Employed full-time 14·5 9/62 0·85 0·51, 1·44 ≤1·7 ≤3/172 0·48 0·19, 1·17
Carer’s highest qualification
Less than Year 12 28·4 40/141 1·00 3·6 18/500 1·00
Year 12 and beyond 22·8 21/92 1·16 0·83, 1·61 2·0 8/399 0·64 0·28, 1·45
Humbugged in past year*,†
Yes 35·6 37/104 1·00 6·0 14/234 1·00
No 16·6 26/157 0·63 0·42, 0·95 1·9 14/733 0·39 0·16, 0·92
Pressured to support others in the community†
Small or big problem 34·7 42/121 1·00 7·3 13/177 1·00
Not a problem 14·3 18/126 0·63 0·33, 1·22 1·6 11/700 0·27 0·12, 0·62
Feed others who don’t live at home
A few times a month or more 29·2 42/144 1·00 3·2 18/569 1·00
Rarely or never 17·1 20/117 0·74 0·51, 1·09 2·5 10/398 0·91 0·46, 1·82
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children had good physical health and social and
emotional well-being; the prevalence of dislike also varied
by the employment status of the carer. Carers were
signiﬁcantly less likely to report dislike as a barrier if they
lived in communities where there was no problem with
alcohol use (32·7 v. 36·1%; PR= 0·9, 95% CI 0·8, 1·0).
We did not observe signiﬁcant variation in the pre-
valence of dislike by remoteness, or observe material
changes in the relationship between exposures and dislike
after additional adjustment for remoteness; thus, there was
no indication for separate examination of these relation-
ships in the remote/OR and urban/IR samples.
Contextualisation
Accessibility barriers
Key informants provided insight into the meaning of
carers’ reported barriers to children’s fruit and vegetable
consumption and their relationship to child, family and
community factors. Key informants explained that in
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Table 3 Continued
Remote/OR Urban/IR
% n/N PR 95% CI % n/N PR 95% CI
Had evening meal as a family in past week
No ≤15·8 ≤3/19 1·00 ≤7·1 ≤3/42 1·00
Yes 25·0 60/240 0·74 0·34, 1·62 2·8 26/924 0·48 0·18, 1·26
Cultural knowledge about bush tucker*,†
Not important 12·6 12/95 1·00 1·8 13/715 1·00
Somewhat important 25·0 25/100 1·17 0·68, 2·00 4·1 7/170 1·77 0·78, 4·01
Very important 38·8 26/67 1·73 0·99, 3·01 9·8 8/82 3·79 1·69, 8·50
Total number of people in household
2–5 22·4 28/125 1·00 1·9 12/625 1·00
≥6 25·5 35/137 0·79 0·53, 1·16 4·7 16/343 1·80 0·71, 4·53
House felt too crowded in past year†,‡
Yes 27·0 10/37 1·00 8·0 9/113 1·00
No 23·3 52/223 1·09 0·51, 2·36 2·2 19/850 0·33 0·17, 0·67
Moved house in past year
Yes 28·2 11/39 1·00 3·1 6/194 1·00
No 23·1 51/221 0·92 0·71, 1·21 2·9 22/769 1·23 0·49, 3·05
Problem with fridge and/or cooking facilities†,‡
Yes 30·0 9/30 1·00 14·3 5/35 1·00
No 19·6 28/143 1·09 0·73, 1·62 2·4 16/667 0·17 0·08, 0·36
Electrical problems at home*
Yes 64·7 11/17 1·00 7·7 4/52 1·00
No 21·4 52/243 0·69 0·51, 0·92 2·6 24/915 0·40 0·15, 1·07
Security problems at home†
Yes 46·7 21/45 1·00 8·9 8/90 1·00
No 19·5 42/215 0·76 0·50, 1·14 2·3 20/877 0·38 0·16, 0·88
Area-level factors
Racially-motivated violence*,†,‡
Small or big problem 46·7 7/15 1·00 5·6 9/162 1·00
Not a problem 23·2 53/228 0·83 0·69, 0·99 2·1 15/729 0·23 0·10, 0·55
Alcohol misuse†
Small or big problem 27·5 53/193 1·00 4·9 19/386 1·00
Not a problem 12·5 8/64 0·56 0·28, 1·13 1·6 9/552 0·40 0·17, 0·93
Break-ins or theft
Small or big problem 27·8 35/126 1·00 3·7 17/461 1·00
Not a problem 21·4 27/126 0·96 0·69, 1·32 2·0 9/455 0·50 0·23, 1·08
Area-level disadvantage*,†
Least advantaged 39·3 59/150 1·00 13·8 9/65 1·00
Mid-advantaged ≤2·9 ≤3/102 0·11 0·02, 0·56 2·6 17/652 0·21 0·06, 0·76
Most advantaged ≤30·0 ≤3/10 0·42 0·12, 1·45 ≤1·2 ≤3/251 0·06 0·01, 0·34
Remoteness
None – – – – 2·0 7/348 1·00
Low – – – – 3·4 21/620 1·64 0·55, 4·90
Moderate 17·7 28/158 1·00 – – – –
High/extreme 33·7 35/104 2·04 0·63, 6·62 – – – –
Remote/OR, remote/outer regional; urban/IR, urban/inner regional; PR, prevalence ratio.
All models are adjusted for age group, sex and remoteness, and take into account the clustered nature of the data set. Pinteraction<0·05 indicates relationship
between exposure and accessibility barriers is significantly different in urban/IR v. remote/OR areas.
*Variable significantly associated with accessibility barriers in remote/OR areas (P for Wald test <0·05).
†Variable significantly associated with accessibility barriers in urban/IR areas (P for Wald test <0·05).
‡Significant difference in the relationship of the exposure to accessibility barriers between remote/OR and urban/IR carers (Pinteraction<0·05).
§Inadequate data to assess Pinteraction.
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Table 4 Factors associated with children’s dislike of fruit and vegetable intake, among children whose carers who did not report accessibility
barriers, in the Australian Longitudinal Study of Indigenous Children (LSIC), Wave 6, 2013
Adjusted for age and sex
Adjusted for age, sex and
remoteness
% n/N PR 95% CI PR 95% CI
Total 34·2 390/1139 – – – –
Child factors
Sex
Male 33·6 192/571 1·00 1·00
Female 34·9 198/568 1·04 0·86, 1·25 1·04 0·86, 1·25
Age group
4–5 years 33·7 85/252 1·00 1·00
6–7 years 32·7 141/431 0·97 0·80, 1·17 0·98 0·81, 1·18
8–10 years 36·0 164/456 1·07 0·88, 1·29 1·07 0·88, 1·29
Indigenous identification
Aboriginal 35·0 346/988 1·00 1·00
Torres Strait Islander 27·4 23/84 0·78 0·58, 1·04 0·83 0·59, 1·16
Both 31·3 21/67 0·91 0·65, 1·27 0·92 0·65, 1·30
General physical health*,†
Poor, fair, or good 40·7 103/253 1·00 1·00
Very good or excellent 32·4 287/886 0·80 0·68, 0·94 0·77 0·65, 0·92
Social and emotional well-being*,†
High risk of difficulties 39·2 96/245 1·00 1·00
Low risk of difficulties 32·9 293/891 0·83 0·71, 0·98 0·83 0·71, 0·98
BMI category
Overweight or obese 35·5 131/369 1·00 1·00
Normal weight 35·2 184/523 1·00 0·85, 1·17 1·01 0·86, 1·19
Underweight ≤20·0 ≤3/15 0·18 0·03, 1·10 0·21 0·03, 1·26
Family factors
Carer’s general physical health
Poor, fair, or good 33·9 216/637 1·00 1·00
Very good or excellent 34·7 174/502 1·03 0·85, 1·24 1·02 0·84, 1·23
Carer’s social and emotional well-being
High distress 38·2 84/220 1·00 1·00
Low distress 33·3 303/909 0·87 0·73, 1·03 0·87 0·73, 1·03
Negative major life events in past year
3–9 33·7 267/792 1·00 1·00
<3 35·3 122/346 0·96 0·81, 1·14 0·96 0·81, 1·13
Carer is partnered
No 31·2 159/509 1·00 1·00
Yes 36·7 231/630 1·18 0·98, 1·42 1·18 0·98, 1·42
Weekly household income
<$AU 600 33·4 129/386 1·00 1·00
≥$AU 600 35·6 236/663 1·06 0·86, 1·31 1·05 0·85, 1·30
Financial strain
Run out of money 34·7 41/118 1·00 1·00
Just enough money 36·6 174/475 1·06 0·85, 1·31 1·08 0·87, 1·34
Can save money 31·7 171/540 0·92 0·73, 1·15 0·95 0·75, 1·19
Worries about money in past year
Yes 31·2 96/308 1·00 1·00
No 35·2 290/825 1·13 0·94, 1·36 1·15 0·96, 1·38
Went without meals in past year
Yes 38·0 19/50 1·00 1·00
No 33·9 367/1082 0·88 0·63, 1·25 0·87 0·61, 1·25
Carer’s employment status*,†
Not employed 30·8 207/673 1·00 1·00
Employed part-time 41·9 93/222 1·36 1·12, 1·64 1·34 1·11, 1·62
Employed full-time 35·1 78/222 1·14 0·90, 1·44 1·16 0·91, 1·46
Carer’s highest qualification
Less than Year 12 33·1 193/583 1·00 1·00
Year 12 and beyond 37·2 172/462 1·12 0·94, 1·33 1·12 0·93, 1·34
Humbugged in past year
Yes 32·4 93/287 1·00 1·00
No 34·7 295/850 1·07 0·90, 1·27 1·05 0·89, 1·24
Pressured to support others in the community
Small or big problem 33·3 81/243 1·00 1·00
Not a problem 34·0 271/797 1·02 0·80, 1·29 0·98 0·78, 1·24
Feed others who don’t live at home
A few times a month or more 36·1 236/653 1·00 1·00
Rarely or never 31·8 154/485 0·88 0·74, 1·04 0·89 0·75, 1·04
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remote/OR settings, low incomes, high food prices and
pressures to support others compound to prevent carers
from providing their children with fruit and vegetables
despite awareness of the nutritional beneﬁts:
‘A lot of people in the sort of remote communities are
on beneﬁts. And if you have got to feed a couple of kids
… and you have to buy all of this fruit and veg, whereas
you can have a couple packages of chips, or takeaway –
well, what are you going to do? … Even though they
may know it’s [fruit and veg] really good for them.’
Key informants explained how demand sharing
inﬂuenced carers’ food purchasing behaviours, for
example, discouraging carers from buying certain types of
food:
‘Because if your child walks outside with watermelon,
then you’ve got ﬁfty kids all of a sudden knocking on
your door.’
Given the existing barriers to purchasing healthy foods,
key informants explained that health promotion efforts to
increase children’s desire to eat fruit and vegetables have
the unintended consequence of disempowering parents:
‘Because the kids do get, “You have to do this, have
to do this”, go home and hassle Mum. “We need to
do this, we need to do that”. And they’re [parents
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Table 4 Continued
Adjusted for age and sex
Adjusted for age, sex and
remoteness
% n/N PR 95% CI PR 95% CI
Had evening meal as a family in past week
No 39·3 22/56 1·00 1·00
Yes 33·9 365/1078 0·86 0·67, 1·11 0·84 0·65, 1·09
Cultural knowledge about bush tucker*
Not important 36·8 289/785 1·00 1·00
Somewhat important 30·7 73/238 0·83 0·66, 1·06 0·85 0·66, 1·10
Very important 23·5 27/115 0·64 0·45, 0·91 0·66 0·45, 0·95
Total number of people in household
2–5 35·1 249/710 1·00 1·00
≥6 32·9 141/429 0·94 0·80, 1·09 0·95 0·82, 1·11
House felt too crowded in past year
Yes 39·7 52/131 1·00 1·00
No 33·3 334/1002 0·84 0·67, 1·06 0·84 0·67, 1·04
Moved house in past year
Yes 30·1 65/216 1·00 1·00
No 35·0 321/917 1·16 0·93, 1·44 1·17 0·94, 1·46
Problem with fridge and/or cooking facilities
Yes 35·3 18/51 1·00 1·00
No 36·0 276/766 1·02 0·68, 1·52 0·98 0·65, 1·48
Electrical problems at home
Yes 35·2 19/54 1·00 1·00
No 34·0 368/1082 0·97 0·66, 1·42 0·98 0·67, 1·44
Security problems at home
Yes 37·7 40/106 1·00 1·00
No 33·7 347/1030 0·89 0·69, 1·17 0·88 0·68, 1·15
Area-level factors
Racially motivated violence
Small or big problem 36·0 58/161 1·00 1·00
Not a problem 33·6 299/889 0·94 0·70, 1·25 0·97 0·72, 1·30
Alcohol misuse†
Small or big problem 36·1 183/507 1·00 1·00
Not a problem 32·7 196/599 0·91 0·78, 1·05 0·86 0·75, 1·00
Break-ins or theft
Small or big problem 36·3 194/535 1·00 1·00
Not a problem 31·4 171/545 0·86 0·73, 1·02 0·87 0·74, 1·02
Area-level disadvantage
Least advantaged 30·6 45/147 1·00 1·00
Mid-advantaged 33·5 246/734 1·09 0·82, 1·46 1·00 0·76, 1·33
Most advantaged 38·4 99/258 1·25 0·92, 1·72 1·18 0·84, 1·65
Remoteness
None 35·2 120/341 1·00 – –
Low 35·6 213/599 1·01 0·82, 1·24 – –
Moderate 28·5 37/130 0·82 0·58, 1·14 – –
High/extreme 29·0 20/69 0·81 0·62, 1·06 – –
All models take into account the clustered nature of the data set.
*Variable significantly associated with dislike in model adjusted for age group and sex (P for Wald test <0·05).
†Variable significantly associated with dislike in model adjusted for age group, sex and remoteness (P for Wald test <0·05).
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are] already under lots of pressure, stress. So, I think
if they do those sorts of things [nutrition education],
they’ve got to do something about the supply.’
Another key informant explained how families strug-
gled to achieve the ‘Australian dream’ of providing
a healthy diet for their children:
‘But what can you do? There is the pressure of
education – you’ve got to send these kids to school,
got to give them healthy lunches. Parents spend –
but how far that $500 takes them; it’s not far. There is
this health education; trying to live the Australian
dream but you can’t.’
Key informants also described the limited availability
and poor quality of fresh produce in remote/OR settings.
For example, one key informant depicted the quality of
fresh produce in remote/OR areas by asking, ‘Have you
ever eaten frozen lettuce?’
Interviewers also commented that the competing
affordability and availability of fast food was a barrier to
the consumption of healthier foods; a key informant from
an urban/IR setting explained that:
‘When somebody told me that veggies were too
expensive back in my area, it would have been
because Macca’s [McDonald’s] costs a lot less … it’s
just that there is a cheaper alternative.’
Carers’ time scarcity was also considered an important
barrier to nutrition, favouring quicker meal options such as
takeaway.
Dislike
Key informants explained that children’s dislike of vege-
tables was a common problem, although many children
were happy to eat fruit. One stated:
‘I came across this same complaint. That was, you
cook it, and you prepare it, and they just don’t eat it.’
Key informants identiﬁed children’s lack of familiarity
with some types of vegetables as an important contributor
to their refusal to eat them:
‘It’s like introducing it to them … You give them a
bowl of salad and some veggies, and they freak out;
they just eat the meat and rice and they push the
veggies aside. We tell them, “It’s good for you” but it
sort of, it takes time to adjust.’
Key informants commented that ‘the expense of
throwing away’ was a barrier to purchasing vegetables
when there was a risk that children would refuse to eat
them. They also explained that carers wanted to provide
food that the child wanted to eat; carers’ food provision
was more about ‘pleasing’ the child ‘than it is about what
they’re feeding them at this stage’. The ubiquity of alter-
natives such as lollies and fast food, particularly in more
urban areas, was considered to contribute to children’s
picky eating and refusal to eat vegetables.
Discussion
In this diverse national sample, almost half of carers reported
barriers to their children’s nutrition. Barriers to fruit intake
were less commonly reported than barriers to vegetable
intake, but both are considered important nutritionally.
Multiple barriers restrict Indigenous children’s consumption
of fruit and vegetables. The most commonly reported barrier
was children’s dislike of fruit and vegetables. Problems
accessing fruit and vegetables were common among carers
living in remote/OR settings and among disadvantaged car-
ers living in urban/IR settings; the cost, availability and quality
of fruit and vegetables were substantial barriers to access.
Child and carer well-being, ﬁnancial security, suitable housing
and community cohesion promoted access to fruit and
vegetables.
Accessibility barriers
In this sample, carers were over ten times more likely to
face problems accessing fruit and vegetables for their
children if they lived in very remote areas compared with
large cities. This is consistent with the increased price of
fresh food in remote areas(18) and the limited availability
and poor quality of fresh foods, particularly after extended
transportation(17). These characteristics of the remote/OR
food environment may explain why we observed few
factors signiﬁcantly associated with accessibility barriers
within this group: where the environment itself creates
substantial barriers to access, individual characteristics
may become less important.
Within the urban/IR group, disadvantaged carers faced
a tenfold increase in the relative risk of accessibility
barriers compared with advantaged carers. Key informants
described how the affordability and availability of
fast-food outlets in urban/IR areas negatively inﬂuenced
children’s consumption of fruit and vegetables. These
ﬁndings are consistent with the literature(26,54,55) and the
increased availability of fast-food outlets in disadvantaged
v. advantaged urban settings(56,57). Additionally, some
literature has also documented reduced accessibility of
healthy foods in disadvantaged areas of Australia(58),
although ﬁndings are mixed(15,57,59,60). Thus, for carers
living in both remote/OR and disadvantaged urban/IR
areas, the food environment constrained their ability to
provide their child with a healthy diet, despite their
nutritional awareness.
The present work provides quantitative evidence that
multiple domains of ﬁnancial security, including reported
income, ﬁnancial strain and worries about money, relate to
carers’ ability to access fruit and vegetables for their
children. These ﬁndings are consistent with evidenced
socio-economic gradients in dietary intake; healthy diets
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tend to be more expensive than unhealthy diets(22,61) and
the literature describes an increased reliance on energy-
dense foods (rather than nutrient-dense foods such as fruit
and vegetables) by families with limited ﬁnancial resour-
ces and time(19,62,63).
Our ﬁndings provide quantitative evidence on the link
between resource sharing and carers’ ability to purchase
healthy foods. Consistent with previous qualitative ﬁnd-
ings(12,17,21,27,64), our key informants explained that demand
sharing encouraged the purchasing of energy-dense foods
and discouraged the purchasing of sought-after foods that
others are likely to request. Our ﬁndings also support the
importance of adequate housing – in terms of crowding
and household infrastructure – in promoting children’s
nutrition(9,21,65,66). Many Indigenous households contain
extended family members rather than being restricted to
the nuclear family, due to cultural differences in family
structures and obligations to care for family. Lower socio-
economic status and limited availability of quality housing
(particularly in remote areas) further contribute to large
numbers of household members, which is linked to the
breakdown of housing infrastructure(67,68).
Our study identiﬁed a relationship between access to fruit
and vegetables and the social and emotional well-being of
children and their carers. Key informants indicated that
carers might experience distress or feel disempowered if
they are unable to oblige their children’s requests for fruit
and vegetables. These relationships may also be partially
mediated by children’s and carer’s exposure to stressors and
disadvantage. In both remote/OR and urban/IR settings,
carers were more likely to report accessibility barriers if they
considered it very important to pass on cultural knowledge
about bush tucker. This might reﬂect that carers who value
bush tucker reported barriers to accessing traditional fruit
and vegetables or, alternatively, that carers who perceive
accessibility barriers want to teach their children about bush
tucker in order to supplement their diet.
We also observed a relationship between measures of
community functioning (racially motivated violence and
alcohol misuse) and carers’ ability to access fruit and
vegetables for their children, providing evidence that
community characteristics relate to children’s health(39).
The link between community-level racism and access to
nutrition is consistent with wider literature linking racism
to reduced access to resources required for health(69,70). In
communities where racism is perceived to be a problem,
Indigenous people may be reluctant to go to food outlets;
a qualitative study identiﬁed that some urban Indigenous
people experiencing racism within their neighbourhood
adopt an ‘avoidance strategy’(71). The relationship
between racism and accessibility barriers might be
partially mediated by social and emotional well-being of
the child and carer(69,72,73) or by area-level disadvantage.
Carers were also more likely to report barriers to accessing
fruit and vegetables for their children if they perceived a
problem with alcohol use in their community; carers may
avoid shopping at food outlets where they perceive they
may encounter alcohol-related issues, such as being asked
for money to purchase alcohol.
Differences in remote/outer regional v. urban/inner
regional areas
We generally observed consistent patterns in the associa-
tions between exposures and accessibility barriers in
remote/OR and in urban/IR environments. However, there
were some cases in which these relationships were
statistically different. Some of the signiﬁcant interactions
observed might result from the high base prevalence of
accessibility barriers in the remote/OR sample, which puts
a ceiling on the possible magnitude of the relative risks
within this group. This lack of potential for variation and
the reduced sample size in the remote/OR sample limit the
power to detect signiﬁcant differences within the group.
Although the relative risks observed within the remote/OR
sample are often smaller in magnitude than those
observed in the urban/IR sample, they are still associated
with a large absolute difference in the proportion of carers
experiencing the outcome (e.g. for ﬁnancial strain and
racially motivated violence). In addition, it is important to
consider that some signiﬁcant interactions could have
resulted from multiple testing.
Dislike
Where fruit and vegetables were accessible, children’s
dislike was a substantial barrier to intake, indicating that it
is important to consider multiple barriers when designing
interventions to promote children’s fruit and vegetable
consumption. Further, factors associated with dislike did
not appear to be congruent with factors associated with
accessibility barriers, suggesting that different population
groups may face different barriers.
One-third of carers reported that children’s dislike was a
barrier, with carers predominantly reporting an issue with
dislike of vegetables, rather than fruit. These ﬁndings are
consistent with comments by key informants, international
literature on ‘picky eating’(74) and a qualitative study on
healthy eating among Aboriginal families in urban
Victoria(19). There is no accepted deﬁnition of picky eating,
but it generally encompasses discomfort in eating familiar
foods and/or unfamiliar foods(75), and is considered to be
associated with poorer diet quality, particularly an avoidance
of vegetables, and increased intake of energy-dense snacks
and sweets(74). Internationally, the estimated prevalence of
picky eating ranges from 6 to 50%, with the peak prevalence
among children aged 3 years (younger than our sample).
There is limited evidence on factors associated with
picky eating. Research from the UK suggests a relationship
between picky eating and socio-economic status(74), but
we did not observe a relationship between picky eating
(dislike) and measures of socio-economic status in our
sample, with the exception of carers’ employment status.
This might have resulted from our restriction of the sample
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to carers who did not face accessibility problems, which
removed some of the most disadvantaged families from
the sample.
Our ﬁndings support research on the importance of
familiarity and habit in shaping food choice(17); key
informants identiﬁed children’s lack of familiarity as an
important contributor to their refusal to eat certain vege-
tables. The preference for familiar foods (such as those
high in sugar and processed ﬂour such as white bread) has
been considered a lasting legacy of the colonial history
that dramatically altered Indigenous food practices and
preferences(12,13,21,26,76).
The predominance of children’s dislike as a barrier to
fruit and vegetable consumption is also consistent with the
literature on traditional views of child autonomy and
children’s ability to make their own choices(17,64,77–79).
This was supported by our key informants, who described
the importance carers place on children’s own food pre-
ferences. Forcing children to eat fruit and vegetables
conﬂicts with this cultural value; instead, carers are limited
to inﬂuencing children’s food choice by encouraging them
to consider healthy choices(13,37,77,78,80–82).
Carers were less likely to report dislike for children with
good physical health and social and emotional well-being,
consistent with literature on the association between picky
eating and physical, emotional and social impairment(83). A
strategy for overcoming children’s picky eating is to
repeatedly expose (at least ten times) the child to the
disliked food(74,84). This approach is not feasible when the
relevant foods are not readily available or are of poor
quality, or when resources are scarce and there is concern
about food wastage and hunger(19,20), as mentioned by the
key informants. Thus, although we have examined them
separately, barriers related to dislike and to accessibility are
likely to be entangled.
Limitations
The current study relies predominantly on carer-reported
data and ﬁndings should be interpreted as such. Our
outcome reﬂects carers’ perceived barriers to their
children’s nutrition, rather than actual barriers; however,
previous research has demonstrated that perceived
barriers are signiﬁcantly correlated with intake(85,86). We
have validated that carers’ perception of barriers was
closely tied to reported low intake by children, and that
there was no material difference between the relationship
of factors to low intake and to the perception of barriers.
Further, our qualitative ﬁndings supported our quantitative
ﬁndings, although we acknowledge that these qualitative
ﬁndings were also based on the participants’ perceptions
of these issues. A limitation of our outcome variable is that
it would not serve as an indicator of a child’s nutrition
status in cases where the child’s intake of fruit/vegetables
exceeded recommended intake but the carer reported
that they want their child to eat more, or in cases where
the child’s intake of fruit/vegetables did not meet
recommended intake but the carer reported that they do
not want their child to eat more.
We recognise that there may be differences in the types
of barriers reported, and the associated risk factors, in
relation to fruit intake v. vegetable intake. For example,
dislike is understood to be a more common barrier
to vegetable intake than to fruit intake(75). We have
examined barriers to fruit and vegetable intake combined
because fruit and vegetables play a similar nutritional role,
and accessibility barriers for fruit and for vegetables are
generally similar, as well as for pragmatic reasons.
The LSIC is not designed to be representative of the
Australian Indigenous population; however, the LSIC data
offer diversity in geography and environmental conditions
and are well-suited for internal comparisons. Our study is
based on cross-sectional data, so we cannot make infer-
ences about causality. The potential biases arising from
missing data should be minimal given that over 99%
(n 1230/1239) of carers participating in the survey pro-
vided data on the outcome and the majority of exposure
variables had less than 1% of data missing.
Grouping environments into discrete categories of
remoteness is likely to have the effect of combining indi-
viduals living in areas across a range of remoteness, but
the use of these categories is pragmatic and can deﬁne
groups with similarities in life circumstances, such as the
dominant social and cultural setting(87).
Conclusions
To our knowledge, the present study is the ﬁrst large-scale
investigation of barriers to Indigenous Australian children’s
nutrition across heterogeneous environments. It provides
quantitative evidence that a broad range of social, cultural
and environmental factors impact nutrition. Dis-
advantaged Indigenous families in urban and inner
regional settings, as well as those living in remote and
outer regional areas, face substantial barriers to accessing
fruit and vegetables. Where fruit and vegetables were
accessible, dislike of vegetables was a common barrier.
Approaches to improve equity in nutrition in Australia
need to address these barriers, through a combination of
policy to improve the food environment in remote/OR and
disadvantaged urban/IR settings and culturally relevant
programmes to promote underlying determinants includ-
ing ﬁnancial security, housing and community cohe-
sion(22). Programmes and policies to promote nutrition
should draw on the strengths of Indigenous families and
communities, and must be conducted in partnership with
Indigenous communities and individuals(24,88).
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 CHAPTER 10. Discussion 
This chapter will describe, and put in context, the key findings from this thesis, 
addressing each aim in turn. It will then synthesise these findings and discuss 
implications for program and policy development to promote healthy BMI trajectories 
among Indigenous Australian children. 
10.1. Identifying, developing, and applying methods for engaging in 
meaningful large-scale Indigenous health research 
Throughout the course of my PhD, I have aimed to identify, develop, and apply methods 
for engaging in meaningful large-scale Indigenous health research. This is motivated by 
the understanding that, ‘In addition to scientific excellence, successful health research 
in Aboriginal communities requires community relevance’.1 p. 139 Application of these 
methods has assisted me to engage in more meaningful secondary analysis of large-scale 
data,  through the incorporation of both Indigenous and non-Indigenous views and ways 
of knowing,2-4 without placing a heavy burden on Indigenous individuals or community 
members.  
 
I will first describe the strengths of LSIC as a large-scale data resource; I will then describe 
specific challenges faced in conducting meaningful secondary analysis of data from LSIC, 
and methods employed to overcome these challenges. 
10.1.1. Strengths of LSIC as a data resource 
This thesis affirms the value of LSIC as a resource for examining the development of 
Aboriginal and Torres Strait Islander children. Importantly, LSIC has been able to 
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maintain a high retention rate (>80% between successive waves), providing the largest 
source of longitudinal information about Australian Indigenous children to date. This 
success is largely attributable to the extent of community engagement in the 
development of the study, and throughout its implementation;5 Mick Dodson, Chair of 
the LSIC Steering Committee, wrote: 
Readers may not realise how radical the community engagement process and 
employment of Indigenous interviewers was, but this unprecedented initiative 
(for a large-scale survey) has been responsible for the impressively high rates of 
ongoing participation in the survey that surprised many...6 p. 73 
The consultations informing the LSIC study development began in 2003, five years 
before the first survey was conducted. They involved various community members, 
including Elders, young people, parents and caregivers, service providers, 
representatives from Indigenous organisations, and Government departments involved 
with Indigenous programs.2,7 A series of 23 consultations were held across the country, 
with at least one meeting held in each capital city and in at least one regional or remote 
area in each State and Territory.2,8,9  
 
These consultations informed the development of the study design and content,10 
ensuring that the study was conducted in a culturally appropriate way. LSIC was 
designed within a life-course and holistic framework, which was identified as a priority 
by participants in the LSIC consultation processes.2,9 The longitudinal nature of the LSIC 
study, and the collection of detailed data on both the child and their caregivers, 
facilitates a life course approach to research. Further, the inclusion of data items within 
LSIC relating to family and community wellbeing enables holistic analyses of children’s 
wellbeing, rather than restricting analysis to individual-level determinants.11 Together, 
these features of LSIC enable the analysis of wellbeing across the life course, situated 
within the context of family, community, and society. 
 
The consultation processes also identified matters of priority to participating families 
and communities for inclusion in the questionnaires, ensuring that research could be 
conducted on matters of priority to community, ensuring that findings would have the 
potential to generate meaningful benefit. The strong relationships formed between the 
Indigenous LSIC interviewers and participating families has enabled the collection of 
data of a sensitive and personal nature – such as children’s height and weight.  
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 The height and weight data available in LSIC represent the largest existing source of 
anthropometric information for Aboriginal and Torres Strait Islander children; the 
collection of annual measurements enables the first detailed longitudinal analysis of 
height, weight, and BMI throughout childhood. The accuracy of these data has been 
improved through implementation of an evidence-based, systematic protocol to 
remove data points most likely to be errors.12  
 
Importantly, given the population sampling approach used in this study, LSIC provides 
information about children who are not in contact with health or other services, who 
are often missed in administrative datasets or surveys conducted through health 
services. In addition, although LSIC is framed as a study about Aboriginal and Torres 
Strait Islander children, it also presents a valuable source of information on the 
caregivers of these children.13 
 
In summary, LSIC contains a wealth of information that can be used to guide 
development of culturally appropriate programs and policies. Given the grounding of 
the study in both Western science and Indigenous knowledge systems,14,15 LSIC 
facilitates the conduct of research that is both scientifically and culturally credible. 
10.1.2. Challenges faced, and methods applied to overcome challenges  
In conducting this research project, I have encountered two main challenges, relating to 
differences between Indigenous worldviews and Western bio-medical research, and 
relating to the conduct of participatory research in the context of secondary analysis of 
a national dataset. Aspects of these challenges have been previously acknowledged by 
researchers working in Indigenous health in Australia, as well as internationally,4,5,16 and 
some strategies have been identified for overcoming these challenges. For example, 
researchers have identified key themes relevant to engaging in culturally appropriate 
and relevant quantitative research (e.g. 17). Researchers have described methods and 
guidelines for conducting research in partnership in localised studies (e.g. 18-21); 
however, there is limited – if any – published practical guidance in the field of Indigenous 
health for conducting large-scale, secondary data analysis in partnership.  
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In the following sections, I will describe these two challenges in the context of this thesis, 
and outline the methods that I have applied to overcome these challenges. 
Acknowledging that there is scope for further participation, the strategies described 
below contribute to the development of methods to enhance relevance of research 
findings to Aboriginal and Torres Strait Islander communities3,4,14,16,19 while retaining 
scientific rigour. 
10.1.2.1. Potential incompatibilities of Western bio-medical research and Indigenous 
worldviews 
The potential incompatibilities of Western bio-medical research and Indigenous 
worldviews are widely acknowledged.9,11,14,17-19,22-26 Bio-medical research tends to focus 
on the quantification of individual risk factors and determinants of disease. In contrast, 
Indigenous perspectives of health tend to be holistic, where an individual’s physical 
health is linked to their social and emotional wellbeing as well as the wellbeing of their 
family and community.14,22,27 Conducting research based on a methodology or 
worldview that is not shared by Indigenous people can have detrimental impacts, 
including the devaluation of Indigenous culture and the generation of research findings 
that are not meaningful to participants.28 Thus, approaches to ‘investigating’ and 
‘knowing’ in Indigenous health research must be relevant to Indigenous people. 
Standard Western paradigms of individual-based analysis therefore may not be 
appropriate for the conduct of Indigenous health research.10,15,16,20  Durie explains that, 
The challenge is to afford each belief system its own integrity, while developing 
approaches that can incorporate aspects of both and lead to innovation, greater 
relevance, and additional opportunities for the creation of new knowledge.14 p. 
1143 
 
In this thesis, I have applied three main methods for bridging the gap between these 
two worldviews. First, I have conducted analyses of LSIC within the framework of the 
‘Integrated Life Course and Social Determinants Model of Aboriginal Health’.29 This 
framework was developed for the Canadian Aboriginal context, but shares elements 
important to Australian Indigenous communities. It facilitates a life course approach, 
acknowledging that health can be impacted by influences at all stages of the life course, 
and a holistic approach, acknowledging that physical health interrelates to other 
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domains of wellbeing (e.g. spiritual, emotional, and mental) and to the wellbeing of the 
family and community. It is important to identify individual risk factors for disease, but 
it is critical to also examine how these individual behaviours are shaped by the broader 
context. Use of this framework enables the generation of evidence on standard bio-
medical risk factors, while also advancing understanding of the context in which these 
risk factors occur.5,17-19  
 
Second, I have incorporated aspects of qualitative research into quantitative analyses, 
where possible.12,30 This mixed methods approach has many benefits. Qualitative 
research has been identified as a potentially culturally appropriate approach to 
exploring Indigenous wellbeing, given that it allows the sharing of knowledge through 
narratives, and inherently involves Indigenous people as key partners in the research.1-
3,11,16,19,31-33 Further, the subtleties and complexities of interacting influences on 
wellbeing can often be more easily conveyed through narratives than through statistics. 
Contextualising quantitative findings through discussions with Indigenous key 
informants helps us to understand the ‘meaning of the numbers in the context of the 
complex reality of Indigenous health’17 p. S31 and to consider multiple different 
interpretations of findings.17,18,32-35 Thus, the integration of quantitative and qualitative 
methods provides an opportunity for the ‘expansion of knowledge and 
understanding’.14 p. 1142 It also increases the potential of research to contribute to 
sustainable improvement in wellbeing, by generating findings that are grounded in the 
context of the Indigenous communities. 
 
Third, where possible, I have conducted analyses in a way that facilitates a strengths-
based interpretation of findings without compromising scientific rigour. Participants in 
the LSIC consultations argued strongly for the need for a positive, strengths-based 
approach,2,9 countering the dominant deficit discourse of statistical 
reporting.5,14,17,18,25,36  In the context of this thesis, I have approached this by framing 
research questions so that the focus is on a positive outcome where possible, or defining 
reference groups such that the analysis identifies protective, rather than risk, factors. 
This simply requires a change to the ordering of categories of outcome and exposure 
variables; it does not alter the statistical validity of findings. Focusing on positive 
outcomes and protective factors facilitates ‘an orientation of strength and positive 
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change’,17 p. S31 and seeks to identify characteristics of individuals, families, and 
communities that promote wellbeing.  
10.1.2.2. Conducting secondary analysis of large-scale data about Indigenous health in 
partnership 
I recognise the critical importance of conducting research in partnership, and have found 
this to be a challenge in the conduct of secondary analysis of data from a national study 
managed by an external organisation. For the protection of privacy and confidentiality, 
researchers using data from LSIC are unable to identify or contact the families 
participating in the study. As a result, researchers have no opportunity to discuss 
research questions or research findings with participating families and communities, 
which is a critical component of ethical Indigenous health research.  
 
As discussed earlier, the LSIC study itself was developed through extensive consultation 
processes. The driving purpose of LSIC is to contribute to understanding of what helps 
children ‘grow up strong’,6 and the questions asked in the survey are intended to reflect 
priorities identified by diverse stakeholders throughout the consultation process. This 
thesis has focused on identifying pathways to healthy BMI across the childhood years, 
reflecting community-identified priorities. For example, individuals from regional and 
remote areas participating in LSIC’s consultation processes specifically identified 
concerns about health and nutrition, including access to healthy food, and others 
identified a desire to learn more about the effects of mothers’ health on their children.2,9 
 
In the actual conduct of analyses of the LSIC data, however, there are no established 
opportunities for consultation and engagement. In the context of a national study, it is 
difficult to identify a reference group that can appropriately represent the diversity of 
participants.22 My solution was to conduct yarning circles (i.e. group discussions, 
described as ‘focus groups’ in Chapter 9) with the Aboriginal and Torres Strait Islander 
interviewers who conduct the annual face-to-face surveys with children and their 
families. I consider that they can act as key informants into the communities in which 
they live and work, and serve as a relevant reference group. Further, they represent a 
direct link to the participating families and communities; sharing research findings with 
these key informants allows these findings to be disseminated to participants.  
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 This key informant approach has allowed me to incorporate views from a diverse range 
of individuals, including Torres Strait Islander and Aboriginal males and females aged 25 
to 57 years, living in urban to very remote settings across Australia. These discussions 
have helped to identify issues that are perceived to be of priority to participating 
communities, to identify research questions for further investigation, and to interpret 
the meaning of findings. The key informants have described differences in the meaning 
and importance of findings between different contexts (e.g. in urban versus remote 
settings), which has also encouraged me to explicitly allow for heterogeneity between 
communities, including stratifying analyses by level of remoteness, where appropriate. 
Key informants and I worked as a group to identify potential implications of findings for 
community members, and to identify key messages to communicate to participating 
families. 
 
I acknowledge that these key informants do not represent all Aboriginal and Torres Strait 
Islander people, but, in keeping with the aim of the LSIC study, they can provide insight 
into life in a diverse range of communities – specifically, the communities that LSIC 
participants live in.18,20 Further, I acknowledge that these individuals do not represent 
the heterogeneous views of all individuals within the communities they work in; 
however, they can share their own perspectives and can reflect on their understanding 
of perspectives held by other community members. I have also engaged with Indigenous 
researchers (for example, supervisor Dr Ray Lovett) and community representatives (for 
example, community nutritionists from Apunipima Cape York Health Council) 
throughout the research process to gain additional perspectives. Engagement with 
Indigenous researchers and colleagues throughout the research process has contributed 
to a deeper understanding of findings, and their implications for community.  
 
Last, I have taken advantage of the dissemination mechanisms existing within the LSIC 
study infrastructure to share research findings with participating families and 
communities; I hope that sharing what we have learned through this project about 
‘growing up strong’ might help lead to action in the community.3,16 In addition to 
indirectly communicating findings to participating families via the key informants, I have 
also created an opportunity to share findings directly with the LSIC participants. Every 
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year, the Department of Social Services, who fund and manage the LSIC study, send a 
mail-out to all LSIC participants. I have been invited to include a short report on research 
findings from this thesis within the 2016 mail-out. This presents an invaluable 
opportunity to directly feed back findings to the children and families who provided the 
data on which this project is based. The content of the feedback report has been 
developed in partnership with Indigenous researchers and the Indigenous key 
informants, in order to ensure that it provides knowledge that will be valid and useful 
for community.3 This process is described in more detail in the following section. 
10.1.2.3. Example of an engagement strategy 
This section will describe the engagement strategy utilised in the final thesis paper, 
examining barriers to children’s fruit and vegetable intake (see Figure 10.1).30 LSIC has 
collected data on children’s dietary intake every year of the survey, based on carer-
report of children’s consumption the day preceding the interview. Limitations were 
identified to the dietary questions used, and LSIC was interested in developing new 
questions to collect additional information relating to children’s nutrition. I met with 
members of the LSIC team in 2012 to develop new questions that could be asked in the 
survey. These questions were refined through discussions with the LSIC Steering 
Committee, and through piloting of the questions by the LSIC interviewers. Once agreed, 
these new nutrition questions were asked in the Wave 6 survey, which was conducted 
in 2013. I conducted preliminary analysis of the data in 2015, once the data were 
released.  
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Figure 10.1. Engagement strategy utilised in thesis paper examining barriers to 
children’s fruit and vegetable intake 
 
 
Upon invitation, I presented these early findings to the LSIC interviewers in February 
2015, with the aims of A) sharing preliminary findings with the interviewers, who could 
communicate findings to participants; B) understanding interviewers’ perspectives on 
the meaning of findings, and interpretations of the observed variation by remoteness; 
and, C) gaining insight into what research questions would merit further investigation. I 
presented the relevant LSIC data, including: the distribution of carer-reported fruit and 
vegetable intake by children, overall and by remoteness; carer-reported barriers to 
children's fruit and vegetable intake, overall and by remoteness; examples of carers' 
free-text responses about why their children did not eat more fruit and vegetables; and, 
examples of carers' free-text responses about how they encouraged their children to eat 
more fruit and vegetables. For each item, I presented a slide with the findings and asked 
the interviewers to discuss if this was consistent with the experience they had in the site 
in which they worked, if they thought the findings were important, and what they 
thought the findings meant. The interviewers were encouraged to share stories and 
experiences from the field. 
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Directed by the outcomes of the yarning circle, I conducted more detailed analyses, 
including identifying sociocultural and environmental factors related to different types 
of reported barriers. I drafted a manuscript based on these findings, incorporating input 
from members of the LSIC staff, Indigenous researchers, and community nutritionists 
from Apunipima Cape York Council. I then had a second opportunity to discuss this work 
with the LSIC interviewers. At this stage, I presented an overview of the initial findings, 
and shared my interpretation of the yarning circle discussion held in 2015, in order to 
ensure that I had adequately captured their views. I then discussed the new research 
findings, on factors related to caregivers’ ability to access fruit and vegetables for their 
children. I went through each of the identified relationships, discussed what I thought 
the findings might mean, and asked for the interviewers to share their ideas.  
 
Based on their experience in the communities in which they lived, the interviewers 
provided insight into why we may have observed the relationships that we did in the 
quantitative data. For example, they provided potential explanations of why we 
observed a relationship between alcohol misuse in the community and carers’ ability to 
access fruit and vegetables for their children. Without insight from these key informants, 
it would not have been possible to suggest meaningful explanations for the observed 
findings.34 The manuscript was revised following this group discussion to incorporate 
the key informants’ ideas. 
 
At the end of our discussion, the group reflected on the key findings and implications of 
this work. We brainstormed important messages to share with community, and 
discussed how these messages should be communicated. I used this group discussion as 
the basis for drafting a short report, to be sent to all families participating in LSIC as part 
of the annual mail-out (Figure 10.2). This short report was drafted in consultation with 
other researchers in the field and with members of the LSIC team, including an 
interviewer (one of our key informants) who volunteered to further contribute to its 
development after the yarning circle. In drafting this report, we aimed to focus on 
positive messages, identifying what individuals, families, and communities could do to 
promote their children’s nutrition and healthy development. We also aimed to 
acknowledge differences between local contexts. 
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Figure 10.2. Community feedback sheet (booklet form), sent to all LSIC participants in 
December 2016 as part of the annual DSS mail-out 
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There are many possible models of engagement, but I found this model to be successful 
for this project, as evidenced by several indicators. First, the LSIC interviewers (key 
informants) were willing to invite me back for a second discussion on the topic, and 
expressed interest in collaborating to disseminate findings to community. To me, this 
suggested that I had developed a rapport with the interviewers, that I had utilised a 
successful approach to conducting the yarning circles, and that they considered the 
research to be important with practical implications for community. Second, I gained 
contextual insight from each discussion, highlighting the ability of the key informants to 
bring meaning to the quantitative findings. The interviewers were able to shed light on 
why we may have observed certain relationships within the data, and what this meant 
in different contexts. Without this contextualisation, the findings would have been less 
meaningful, and the implications for community less clear.  
10.2. Providing evidence on trajectories of BMI specific to Indigenous 
Australian children 
10.2.1. Prevalence of overweight and obesity across the childhood years 
Although the majority of children in LSIC maintained a normal BMI across waves of the 
study, a substantial proportion of children were overweight or obese, increasing from 
12.1% (9.7-14.6%) of children around three years of age, to 41.9% (36.4-47.3%) of 
children around nine years of age.37 National data from the 2012-2013 Australian 
Aboriginal and Torres Strait Islander Health Survey (AATSIHS) estimate that the 
prevalence of overweight and obesity is 22.7% (18.3-27.1%) among Indigenous children 
at age 2-4 years, 26.9% (23.5-30.3%) at age 5-9 years, and 37.4% (33.4-41.4%) at age 10-
14 years.38 Acknowledging that differences in the age categorisations utilised precludes 
direct comparison, we observed a lower prevalence of overweight and obesity among 
the youngest age group in LSIC compared to AATSIHS (12.1% versus 22.7% for children 
aged around 3 years), but a higher prevalence of overweight and obesity among older 
children (41.9% of children aged 8-9 years versus 26.9% of children aged 5-9 years).  
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The observed prevalence differences may be partially attributable to the different 
approaches used to defining overweight and obesity in these two studies. Due to the 
different references used, children less than five years of age are classified as overweight 
or obese at a lower BMI in the AATSIHS compared to in LSIC.39-41 The reverse is true for 
children over five years of age.42-44 Thus, relative to use of the WHO reference, the 
reference used in the AATSIHS estimates a higher prevalence of overweight and obesity 
among children less than five years of age, and a lower prevalence of overweight and 
obesity among children over five years of age.  
 
These prevalence differences may also be partially attributable to the different sampling 
approach used in the two studies. AATSIHS is intended to be a representative study, 
although it does not include data from people living in small remote communities or in 
non-private dwellings. LSIC is not intended to be representative, but rather to capture 
data about children living in heterogeneous environments, including very remote areas. 
Given the variation in BMI by remoteness and/or area-level disadvantage observed in 
LSIC, AATSIHS may overestimate the national prevalence of overweight and obesity, and 
underestimate the prevalence of underweight, by excluding children living in remote 
communities and disadvantaged groups such as those in non-private dwellings. 
 
Although differences in sampling approaches and definition of overweight/obesity 
between these two studies make it difficult to directly compare prevalence estimates at 
a single age, both studies are consistent with a high prevalence of overweight and 
obesity (12-22%) among Indigenous children as early as 3 years of age, and an increasing 
prevalence of overweight/obesity with increasing age. By age 10 years, a substantial 
proportion of Indigenous children (around 40%) are overweight or obese.37,38 
10.2.2. Temporal trends in the prevalence of childhood overweight and obesity 
In LSIC, the prevalence of overweight and obesity was significantly higher among 
children who were 6 years old in 2013 (39.3%, 95%CI:34.7-43.9%) compared to children 
who were 6 years old in 2010 (25.4%, 95%CI:21.6-29.3%).37 The observed difference may 
be attributable to differences between the two age cohorts, or it might reflect a 
temporal trend towards an increasing prevalence of overweight and obesity, consistent 
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with international trends.45 The earliest national data on Indigenous children’s BMI are 
from the first National Aboriginal and Torres Strait Islander Survey, conducted in 1994.46 
At that time, the estimated prevalence of overweight/obesity among Australian 
Indigenous males and females aged 7-15 years was 13% and 19%, respectively.46 In 
comparison, the estimated prevalence of overweight/obesity among Indigenous males 
and females aged 10-14 years in 2012-2013 (based on AATSIHS38) was 38.6% 
(95%CI:32.3-44.9%) and 36.2% (95%CI:30.6-41.8), respectively, and the prevalence of 
overweight/obesity among Indigenous males and females aged 5-9 participating in LSIC 
in 2013 was 37.9% (95%CI:33.3-42.3%) and 41.5% (95%CI:37.1-46.0%), respectively. 
Bearing in mind differences in the sampling approach, age categorisation, and definition 
of overweight/obesity between these studies, the existing national data are consistent 
with an increasing prevalence of overweight and obesity among Indigenous children in 
recent years. 
10.2.3. Development of overweight and obesity in childhood 
Although cross-sectional analyses demonstrate a high prevalence of overweight and 
obesity within the first decade of life, longitudinal analyses are required to provide 
evidence on how BMI changes within children over time. This thesis provides the first 
evidence on the development of overweight and obesity among Aboriginal and Torres 
Strait Islander children. 
 
The longitudinal analyses identified that 31.9% of children who had a normal BMI at age 
3-6 years had become overweight or obese three years later.37 There are no other 
longitudinal data from Indigenous children for comparison, but this is a strikingly high 
incidence in a three-year period. For example, in a sample of non-Indigenous Australian 
children with normal BMI at age 4-5 years, 20% of children had developed overweight 
or obesity six years later.47 These findings identify a rapid onset of overweight and 
obesity among Aboriginal and Torres Strait Islander children between the age of 3 and 
9 years.  
 
Further, we have observed a strong tracking of weight status across waves of the study, 
and this tracking appears to be stronger among older, versus younger, children: children 
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who are overweight or obese at one time-point face a high risk of remaining overweight 
or obese the following year, and this becomes increasingly true as children grow older. 
This confirms the critical importance of preventing the development of overweight and 
obesity from an early age.48 For example, among LSIC children aged 2-4 years who were 
overweight or obese in 2010, 49.1% (n=28/57, 95%CI:35.6-62.7%) remained overweight 
or obese the following year. In comparison, among LSIC children aged 4-7 years who 
were overweight or obese in 2010, the proportion who remained overweight or obese 
the following year was significantly higher, at 76.4% (n=68/89, 95%CI:66.2-84.8%).48  
10.3. Quantifying factors associated with Indigenous children’s BMI 
Given the high – and potentially increasing – prevalence of overweight and obesity 
among Indigenous children as young as 3 years of age, the rapid onset of overweight 
and obesity observed between age 3 and 9 years, and the tracking of weight status 
across the life course, it is critical to identify factors that promote healthy BMI 
trajectories in the early childhood years. This information is required to develop 
programs and policies that can help prevent the development of overweight and obesity 
in Aboriginal and Torres Strait Islander children and reduce the burden of chronic 
disease in this population.49 
 
This thesis provides cross-sectional and longitudinal evidence on the relationship of 
obesity to key characteristics, helping to fill an identified gap in the evidence.50 First, this 
thesis provides evidence on the association between early life exposures and children’s 
BMI. It identifies an increased risk of high BMI at age 3-8 years for children born large 
for their gestational age, and for children exposed to smoke in utero; findings were also 
consistent with increased BMI for children whose mothers had diabetes or gained ‘too 
much’ weight during the child’s pregnancy.51 This is the first evidence of these 
relationships specific to the Indigenous Australian population,52,53 and is consistent with 
international evidence demonstrating a significant association between childhood 
overweight/obesity and maternal factors including pre-pregnancy BMI, weight gain 
during pregnancy, gestational diabetes, and smoking during pregnancy.54-58 
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This thesis also provides the first quantitative evidence on factors associated with 
changes in BMI throughout the childhood years. It identifies an increased risk of obesity 
development among female, compared to male, and Torres Strait Islander, compared to 
Aboriginal, children.37 This is consistent with the increased prevalence of overweight 
and obesity observed in these groups in cross-sectional data,38,50,59 and indicates that 
the gap between these groups is likely to arise in childhood. Our longitudinal findings 
also suggest that diets low in sugar-sweetened beverages and high-fat foods are 
protective of healthy BMI trajectories for children in this sample,37 consistent with 
research from other populations.60,61 
 
This thesis also provides robust evidence on the relationship between children’s BMI 
and environmental characteristics: remoteness and area-level disadvantage.37,48,51 
Remoteness and area-level disadvantage are closely linked in this sample, and our 
findings indicate that the observed variation in children’s BMI by remoteness is largely 
explained by area-level disadvantage. We observed both cross-sectional and 
longitudinal evidence of lower child BMI in areas with the highest, versus lowest, level 
of disadvantage.37,51 This contrasts the relationship observed in the general Australian 
population and in other developed countries,62,63 but is consistent with the 
socioeconomic patterning of child obesity in low- and middle-income countries.64 This 
demonstrates the importance of generating evidence relevant to this population, rather 
than developing program and policy based on evidence from other populations. 
 
The positive association between area-level advantage and BMI observed in this 
Indigenous sample may be explained by a persisting ‘double burden’ of overweight and 
underweight among Indigenous children living in disadvantaged settings.26-28,30,48,65 
These findings indicate that efforts to promote healthy BMI, particularly in 
disadvantaged settings, need to combine approaches to reducing the prevalence of 
underweight and reducing the prevalence of overweight and obesity, rather than 
focusing on one end of the BMI spectrum in isolation.66,67 
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10.4. Understanding how aspects of diet relate to sociocultural and 
environmental factors 
This thesis provides the first detailed analysis of the relationship between diet – a key 
risk factor for obesity – and the broader sociocultural and environmental context, 
including differences between remote, regional, and urban areas. This research provides 
quantitative and qualitative evidence that a range of social, cultural, and environmental 
factors impact on children’s nutrition.30,68 Factors including financial security, higher 
levels of parental education, quality housing, a high level of community cohesion, and 
area-level advantage are associated with indicators of better child nutrition: reduced 
odds of consuming soft drink and/or reduced likelihood of facing barriers to accessing 
fruit and vegetables.30,65 This suggests that efforts to promote these underlying 
determinants – i.e. financial security, education, housing, and community cohesion – 
may contribute to improving children’s nutrition. Further, efforts to improve nutrition 
may be unsuccessful if they fail to address the broader context in which dietary 
behaviours occur.69,70 
 
The findings from this thesis also demonstrate that the food environment itself poses a 
substantial barrier to nutrition in remote, regional, and urban settings – particularly in 
disadvantaged areas. First, issues surrounding the availability, quality, and affordability 
of fresh fruit and vegetables threaten children’s nutrition. Consistent with published 
evidence from remote Indigenous communities,71-73 these issues are pervasive among 
LSIC carers living in remote and outer regional settings. Nearly a quarter (24%) of LSIC 
carers in these settings reported problems accessing fruit and vegetables for their 
children (relating to their high cost, limited availability, and poor quality, or to issues 
surrounding transportation or food storage).30 Importantly, our findings confirm that 
nutrition is not only an issue in remote settings: families living in urban and inner 
regional areas also reported problems accessing fruit and vegetables for their children. 
Within these settings, carers were up to ten times more likely to report problems 
accessing fruit and vegetables if they were disadvantaged at the family or community 
level, compared to families who were advantaged. These findings from up to 968 
children living in urban and inner regional areas are particularly valuable given the 
paucity of evidence about nutrition among urban Indigenous populations.11,72,74,75 
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Second, findings indicate that the ready access, availability, and affordability of 
unhealthy options poses an additional barrier to children’s nutrition. Fast foods, 
takeaway, and processed foods generally have a lower energy cost (i.e. dollars per 
megajoule energy provided) than fresh produce,76 and it is also often easier and more 
convenient for carers to feed their family with these foods compared to healthier 
options.30 Even where healthy foods are available, affordable, and accessible, the 
accessibility of unhealthy options can still pose a barrier to children’s intake and fruit 
and vegetables. For example, in LSIC children living in more urban and in more 
disadvantaged settings had significantly higher odds of consuming sugar-sweetened 
beverages than children living in more remote or in more advantaged settings, which 
likely reflects the burgeoning availability of these beverages from outlets including 24-
hour petrol stations, convenience stores, supermarkets, and fast food shops.68 This is 
consistent with national data indicating that children’s consumption of discretionary 
foods (which includes sugar-sweetened beverages and high-fat foods) constitutes a 
larger proportion of total energy intake in more urban, compared to remote, areas.77 
The accessibility of these unhealthy foods may contribute to children’s dislike of healthy 
foods, which was the most commonly reported barrier to children’s fruit and vegetable 
intake across urban, regional, and remote settings.30  
 
These findings indicate that both the limited availability of healthy foods and the 
pervasive availability of unhealthy alternatives pose prominent barriers to Indigenous 
children’s nutrition. Efforts are therefore needed to promote a healthier food 
environment, alongside efforts to promote the underlying determinants of nutrition.66 
Improving nutrition and food security – particularly in remote and disadvantaged 
settings – could contribute to reducing the prevalence of both overweight/obesity and 
underweight among Indigenous children.37,78,79  
10.5. Statistical considerations  
Throughout this thesis, I have examined the relationship of outcomes (dietary indicators 
or Body Mass Index) to a broad range of exposure variables, in line with our conceptual 
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framework. Given the large number of associations examined, there is a heightened 
chance that I may have falsely identified some results as significant. Throughout this 
thesis, I have not applied methods to account for multiple testing, given the lack of 
consensus on when multiple testing should be accounted for, and the lack of an agreed 
approach to adjusting for multiple testing.80,81 As a result, it may be necessary to exercise 
caution in interpreting results. However, throughout the thesis, I have undertaken 
sensitivity analyses which have demonstrated consistency, lending strength to our 
findings.  
10.6. Synthesis 
10.6.1. High prevalence and rapid onset of overweight and obesity 
We observed a high prevalence of overweight and obesity in this sample of Aboriginal 
and Torres Strait Islander children, starting from an early age, and increasing rapidly. 
More than one in ten children were already overweight or obese by age 3 years, and we 
observed a steep increase in the prevalence of overweight and obesity across the early 
childhood years. The prevalence of overweight and obesity increased by 29.8% within a 
six-year age gap, from 12.1% of children aged 3 years to 41.9% of children aged 9 years. 
Some of this increase in prevalence may be attributable to the different cut-off scores 
used to define overweight/obesity for children ≤5 versus >5 years of age, with older 
versus younger children classified as overweight/obese at lower values of BMI z-score. 
However, there remains a sharp increase in the prevalence of overweight/obesity 
between children aged 3 and 9 years. The estimated prevalence of overweight and 
obesity in the Indigenous population increases with age, to a maximum of 79.6% at age 
≥55 years, according to cross-sectional data from the AATISHS. Although we cannot 
determine from the AATISHS data the age at which these adults developed 
overweight/obesity, the findings from LSIC suggest that a substantial proportion of this 
burden may emerge within the first 9 years of life. 
 
Further, although the lack of comparable data makes it difficult to determine precisely, 
the existing national data are consistent with a temporal trend towards an increasing 
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prevalence of overweight and obesity among Indigenous Australian children.38,46 This 
has negative implications for the current health and wellbeing of the current generation 
of Indigenous children. Further, given the strong tracking of overweight/obesity across 
the childhood years48 and into adulthood,49,82-87 this could result in a further elevated 
prevalence of overweight and obesity, and associated morbidities, when the current 
generation of Indigenous children reaches adulthood.88 
 
Examining changes within children over time, we found that nearly a third of 3-year-olds 
and 6-year-olds who had a BMI within the normal range in 2010 had become overweight 
or obese three years later. The rapid onset of overweight/obesity observed between the 
ages of 3-6 and 6-9 years indicates that this may be an opportune time for intervention. 
Therefore, there is a need for interventions both to reduce the prevalence of overweight 
and obesity among Indigenous children in the first three years of life, and to slow the 
rapid onset of overweight and obesity observed between age 3 and 9 years. Preventing 
the development of overweight and obesity among Indigenous children in the first 
decade of life should generate benefit across the life course, and contribute to closing 
the gap in health between Indigenous and non-Indigenous Australians.88,89 
10.6.2. Why is the prevalence of overweight and obesity so high? 
There are several potential mechanisms underlying the high prevalence, and rapid 
onset, of overweight and obesity among Aboriginal and Torres Strait Islander children in 
the first decade of life. These mechanisms may also underlie a temporal trend towards 
increasing prevalence of childhood overweight and obesity in this population.  
10.6.2.1. Early life exposures 
Prenatal and early life exposures are likely to contribute to the high prevalence of 
overweight and obesity in the early childhood years. Findings from LSIC are consistent 
with international evidence on the increased risk of overweight/obesity among children 
with high birthweight,90,91 whose mothers who smoked, had diabetes, or had excess 
weight gain (or high BMI) during pregnancy.54-58 This highlights the intergenerational 
nature of the issue of overweight and obesity.88,92 
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 Maternal risk factors for high child BMI are common in the Indigenous Australian 
population. The prevalence of overweight and obesity is high among women of 
reproductive age, estimated at 32.3% of women aged 15-17 years, 57.2% of women 
aged 18-24 years, 64.3% of women aged 25-34 years, and 75.4% of mothers aged 35-44 
years.38 It is estimated that in 2012, around half of Indigenous mothers smoked during 
pregnancy.93 The prevalence of diabetes and high sugar levels is estimated at 18% 
among Indigenous adults over 25 years of age, ranging from 5% at age 25-34 years to 
40% at age ≥55 years,38 and a high incidence (1-3% per year) has been documented in 
Aboriginal and Torres Strait Islander women of reproductive age (15-34 years).94  This 
indicates that a substantial number of Indigenous women may already have diabetes 
when they become pregnant. Further, the existing evidence suggests that the 
prevalence of gestational diabetes (diabetes first diagnosed during pregnancy) among 
Indigenous women is around 6%, although limitations in available data make it difficult 
to precisely estimate.95  
 
Each of these maternal risk factors is significantly more common in the Indigenous, 
compared to non-Indigenous, Australian population.38,93,95-98 Therefore, the risk profile 
of Indigenous mothers is likely to contribute to the high prevalence of overweight and 
obesity observed among Indigenous Australian children, as well as to the elevated 
overweight/obesity prevalence compared to non-Indigenous Australian children. 
 
Encouragingly, recent evidence suggests that rates of smoking during pregnancy are 
decreasing within the Indigenous population, from around 54% in 2005 to 50% in 2011.59 
Although the observed decrease is relatively small in magnitude, continuation of this 
trend would have substantial benefits for the wellbeing of the Indigenous population. 
With the exception of smoking, however, evidence suggests that the maternal risk 
profile has worsened in the past decade. The prevalence of overweight and obesity 
among Indigenous female adults has significantly increased since 2004,38,99 and the 
prevalence of diabetes has significantly increased since 2001.38 Globally, the prevalence 
of gestational diabetes is increasing,100 and it is likely that a similar increase is occurring 
in the Indigenous Australian population,95,97 given that high pre-pregnancy BMI is a 
strong predictor of gestational diabetes.57,94 This worsening maternal risk profile may be 
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contributing to a temporal trend towards an increasing prevalence of childhood 
overweight and obesity among Indigenous Australian children.  
 
We have also seen in LSIC that female, compared to male, children increase in BMI more 
rapidly, starting at an early age (around age 4-6 years). This puts females at an increased 
risk of overweight/obesity later in life, including when they are of child-bearing age. 
Given the tracking of weight status from childhood across the life course,49,82-87 and the 
intergenerational influences of maternal weight status on children’s BMI,54-56 the 
observed trends could result in spiralling increases in rates of overweight and obesity in 
the Indigenous Australian population. Therefore, promoting healthy BMI trajectories 
among female Indigenous children should be a priority to improve their wellbeing in 
childhood as well as to optimise their health during pregnancy, and therefore the health 
of their children.67 Interventions should target children by 4-6 years of age, given the 
observed divergence of female versus male BMI trajectories at this age. 
10.5.2.2. Nutrition and physical activity across the life course 
Patterns of poor diet and low levels of physical activity are likely to contribute to the 
high prevalence of overweight and obesity among Indigenous Australian children, and 
the rapid onset from age 3-6 and 6-9 years observed in LSIC. Findings from LSIC are 
consistent with healthier BMI trajectories for children with lower intake of sugar-
sweetened beverages and high-fat foods. This is consistent with international evidence 
suggesting that sugar-sweetened beverage consumption is the most consistent 
predictor of weight gain and obesity development in childhood and adolescence.49 
Other individual-level risk factors, such as intake of energy-dense foods, low levels of 
physical activity, high levels of sedentary behaviours, and short sleep duration, have also 
been identified as playing a role in the development of overweight and obesity.49,58 We 
did not observe a relationship between children’s television viewing and BMI 
trajectories in LSIC; however, our analysis was not adjusted for children’s physical 
activity level. Further research is needed to better understand the contribution of 
children’s patterns of sedentary behaviour, physical activity, and sleep to the 
development of overweight and obesity. 
 
146
Contemporary consumption of discretionary foods is high, estimated to constitute 32% 
of total energy intake for Indigenous children aged 2-3 years, and around 40% of total 
intake for Indigenous children aged 4-8, 9-13, and 14-18 years.77 For example, 
Indigenous children consume larger quantities of sugar-sweetened beverages than non-
Indigenous Australian children,101 and the gap in consumption is largest for children 
aged 2-3 years.77 According to data from the AATSIHS, Indigenous children aged 2-3 
years were up to three times as likely as non-Indigenous children to consume soft drinks 
and flavoured mineral water (18% versus 6%), and to consume cordial (26% versus 10%), 
the day preceding the interview.77 Although we observed a small effect of sugar-
sweetened beverage and high-fat food consumption on children’s BMI trajectories in 
LSIC, consistent with international evidence,60 reducing intake of discretionary foods 
could have substantial benefit at the population level, given the high levels of current 
intake.  
 
Contemporary dietary patterns represent a marked shift from those that were common 
only several generations ago.8,13,31,32,77,102,103 At the population level, this nutrition 
transition has been driven by factors including colonisation and its lasting impacts, 
urbanisation, and globalisation,67,79 which have contributed to a food environment 
characterised by widespread availability of energy-dense foods (such as sugar-
sweetened beverages and other processed foods) and restricted access to a former diet 
known to be healthy. The current food environment encourages diets that are high-
energy but lacking in important micronutrients. Therefore, it will be critical to change 
the food environment in order to successfully reduce Indigenous children’s consumption 
of discretionary foods, and increase children’s consumption of fruit and vegetables, 
enabling a diet that promotes a healthy BMI trajectory. These changes to the food 
environment should occur alongside culturally-relevant programs to promote the 
underlying determinants of nutrition, including financial security, parental education, 
housing quality, and community cohesion. 
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CHAPTER 11. Implications and conclusion 
11.1. Implications for program and policy development 
Obesity is a complex and intergenerational problem. It is clear that efforts are critically 
required to promote healthy BMI trajectories among Aboriginal and Torres Strait 
Islander children, starting from conception through the first years of life – consistent 
with the ‘First 1,000 Days’ approach.1-4 Intervening early to prevent the development of 
overweight and obesity would have substantial short-term and long-term benefit, 
including improved wellbeing during childhood and reduced burden of chronic disease 
in adulthood.46,47,5-7 However, there is no clear evidence on what works to prevent child 
obesity internationally,8,9 or specifically within the Indigenous Australian context.  
 
This thesis identifies two potential points of intervention to promote healthy BMI 
trajectories for Indigenous children: (1) improving maternal risk profiles during 
pregnancy (for example, reducing the prevalence of smoking, high BMI, and diabetes 
during pregnancy); and (2) improving nutrition in the early childhood years, and across 
the life course. Given the large potential number of determinants of overweight and 
obesity,10-15 the association between each individual risk factor and overweight/obesity 
may be weak.16 However, given the high prevalence of these risk factors (maternal 
smoking, obesity, and diabetes during pregnancy; children’s intake of discretionary 
foods), improving risk factor profiles could generate a large population benefit even if 
the attributable risk of overweight/obesity to each individual factor is small.16  
 
In deciding what risk factors to target, it is important to consider the feasibility of 
implementing interventions that will be effective.16 Although the identified points of 
intervention represent ‘modifiable’ risk factors (e.g. smoking, dietary behaviours), it is 
critical to acknowledge that these behaviours are linked to family, community, and 
environmental factors. Interventions that aim to improve maternal risk profiles during 
pregnancy or children’s nutrition without addressing these broader factors are unlikely 
to be successful. 
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 The following section will focus on programs and policies to improve Indigenous 
nutrition in childhood, and across the life course – the second potential point of 
intervention described above. Given the scope of the thesis, the first intervention point 
(maternal risk profiles) will not be explored in depth; however, these intervention points 
are of course linked, as nutrition across the life course impacts on the maternal risk 
profile during pregnancy through its association with pre-pregnancy BMI, diabetes 
status, and weight gain during pregnancy. Further, it is clear that reducing the 
prevalence of smoking among women of childbearing age will be an important part of 
enabling healthy BMI trajectories for all Aboriginal and Torres Strait Islander children.17  
11.1.1. Programs and policies to improve nutrition in childhood and across the life 
course 
Interventions to improve Indigenous children’s nutrition, and thereby weight status, are 
likely to be most effective if targeted at children in the first three years of life. First, 
Indigenous children aged 2-3 years are already exhibiting dietary behaviours (i.e. high 
consumption of discretionary foods18) established to increase the risk of developing 
overweight and obesity. Second, the largest gap between Indigenous and non-
Indigenous children in these dietary risk factors is observed at this age.18 Third, 
intervention in the early phases of life has the potential to influence children’s eating 
habits before they are fully established (and therefore more difficult to modify).15,19,20 
Fourth, promoting healthier dietary behaviours from an early age could contribute to 
reducing the rapid onset of overweight/obesity observed between 3 and 9 years of age 
among children in LSIC.21 Thus, reducing intake of sugar-sweetened beverages and other 
discretionary foods in the first 3 years of life – and across the life course – could result 
in a reduction in the prevalence of overweight and obesity in the Indigenous population, 
and contribute to reducing the gap in obesity prevalence between the Indigenous and 
non-Indigenous population. 
 
While many programs have been implemented to encourage healthy dietary behaviours 
and physical activity among Indigenous Australians, there is limited published evidence 
of their effectiveness and long-term impact on reducing overweight and obesity.22-24 The 
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existing evidence suggests that programs that aim to improve healthy behaviours among 
Indigenous Australians in isolation of the broader context (i.e. without addressing 
factors such as socioeconomic disadvantage or the food supply) have not been 
successful. Interventions that have demonstrated success in promoting nutrition and 
physical activity for Aboriginal and Torres Strait Islander peoples have been driven by 
community and conducted in partnership with Indigenous community members, have 
been holistic and multi-facetted, and have incorporated Indigenous knowledge and 
culture.22,23 
 
It is clear that improving the nutrition, and thereby weight status, of Indigenous children 
is complex. For example, a range of community-led interventions to improve nutrition 
have been implemented in the Anangu Pitjantjatjara Yankunytjatjara (APY) Lands.25 This 
has included individual-level approaches such as nutrition education, as well as 
community-level approaches such as store policies to subsidise the cost of healthy food. 
Together, these policies have resulted in increased availability and affordability of 
healthy foods – including fruit and vegetables – and some improvement in micronutrient 
intake. Despite these improvements, overall diet quality has decreased in the area since 
1986. This has been driven by the increased supply and intake of energy-dense foods 
(such as takeaway foods and convenience meals) and sugar-sweetened beverages.25 
This supports the findings of this thesis, that even when healthy options are available, 
affordable, and accessible, other barriers to nutrition remain. These barriers include the 
competing availability of unhealthy options, as well as barriers relating to household 
infrastructure, access to traditional foods, and advertising of unhealthy foods.19,25 
 
Improving the weight status of Indigenous children will require promoting the wellbeing 
of families and communities, as well as improving the local food environment so that 
children and families are able to make healthy choices. This will require a combination 
of structural, population-level interventions (such as pricing measures to subsidise the 
cost of healthy foods, and regulation of unhealthy foods) and culturally-appropriate 
interventions targeting groups at increased risk of overweight/obesity and underweight, 
tailored to the local setting.1,15,19,26-28 Critically, these efforts need to be driven by 
Aboriginal and Torres Strait Islander individuals and communities. 
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11.2. Concluding remarks 
This thesis applies scientifically- and culturally-relevant approaches to provide evidence 
on the prevalence, characteristics, and predictors of overweight and obesity in a large, 
diverse, national sample of Aboriginal and Torres Strait Islander children. Using an 
adapted ‘Integrated Life Course and Social Determinants Model of Aboriginal Health’, it 
explores how predisposing, proximal, and contextual factors interact and impact on 
children’s weight status across the life-course. Each of the included papers provides a 
different perspective on these issues, and as a whole, this thesis provides holistic insight 
into pathways that help children to ‘grow up strong’. 
 
These findings contribute to improving the evidence base required to design relevant 
programs and policies to support healthy BMI trajectories among Indigenous Australian 
children. This thesis provides information on when to implement prevention efforts, 
what risk factors to target, and how to influence these risk factors.  
 
Given the tracking of weight status from childhood across the life course, and the 
intergenerational influences of maternal weight status on children’s BMI, early 
intervention is critically required to prevent a spiralling increase in the prevalence of 
overweight and obesity in the Indigenous Australian population. Interventions are 
required both to reduce the prevalence of overweight and obesity in the first three years 
of life, and to slow the rapid onset of overweight and obesity observed between age 3 
and 9 years. Interventions to promote healthy BMI trajectories among female 
Indigenous children from early childhood through childbearing age are of particular 
priority.  
 
Program and policy development to promote healthy BMI trajectories must be based on 
relevant evidence; given the absence of conclusive findings from previously published 
research,29 the findings from this thesis are valuable in identifying risk and protective 
factors that are specific to this population. This thesis identifies two potential points of 
intervention to reduce the prevalence and incidence of overweight and obesity among 
indigenous children: improving maternal risk profiles during pregnancy (e.g. reducing 
the prevalence of smoking, high BMI, and diabetes during pregnancy), and improving 
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nutrition (e.g. reducing consumption of high-fat foods and sugar-sweetened beverages) 
in the first years of life. Although we have identified small individual-level effects of 
maternal risk factors and children’s dietary behaviours on children’s BMI, improving 
these risk factors could have a large population-level benefit, given their high 
prevalence.  
 
This thesis provides insight into how we might promote children’s healthy BMI 
trajectories, through detailed quantitative and qualitative investigation of broader 
influences on diet, a key risk factor for obesity. Promoting financial security, parental 
education, housing quality, and community wellbeing could lead to improved nutrition, 
and thereby improved weight status. However, regardless of individual and family 
characteristics, the combination of the limited accessibility of fresh fruit and vegetables, 
and the ubiquity of unhealthy food options from fast-food outlets, takeaway shops, and 
supermarkets, poses a major barrier to children’s nutrition in remote, regional, and 
urban settings. Therefore, improving Indigenous children’s nutrition is likely to require 
a combined approach, promoting the underlying determinants of nutrition, while also 
improving the food environment (increasing the availability, affordability, and 
accessibility of healthy foods, as well as reducing the availability, affordability, and 
accessibility of unhealthy foods).26  
 
As a whole, this program of work demonstrates how to incorporate ‘both ways of 
learning’,30 weaving together Western and Indigenous views and ways of knowing31-33 
to generate findings with scientific and cultural credibility. The methods identified, 
developed, and applied in this thesis have enabled supported improved analysis and 
understanding of large-scale data.   
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APPENDIX 1. Supporting information for 
Chapter 3 
Additional material provided by the authors to supplement Paper 1, published online at: 
https://academic.oup.com/ije/article/44/3/789/629102/Cohort-Profile-Footprints-in-Time-
the-Australian#supplementary-data 
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Cohort Profile: Footprints in Time, the Australian Longitudinal Study of 
Indigenous Children 
Supporting information 
Several ‘Supplementary Materials’ were published alongside the previous manuscript. The first, 
Supplementary Material, A is included in the main text of the thesis, immediately following the 
manuscript, in order to provide information on the processes of community engagement and 
governance underlying the development of the Longitudinal Study of Indigenous Children, and on the 
relevant ethical approvals.  
The remaining Supplementary Materials are provided here. Supplementary Material B provides 
additional information on study informants, participant flow across waves of the study, and interview 
languages. Supplementary Material C provides information on study items added in more recent 
waves. Supplementary Material D outlines additional data resources and potential linkages. 
Supplementary Material E discusses the potential implications of the study’s clustered design for 
statistical analysis. Supplementary Material F provides additional information on the LSIC data and 
access arrangements. 
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SUPPLEMENTARY MATERIAL B 
Study informants 
 The primary carer is defined as the person who knows the study child best; the primary 
carer is usually the study child’s birth mother, but in some cases was the father or another 
guardian. In the first two waves, the secondary carer was defined loosely as another family 
member with a caring relationship with the study child, but was usually the study child’s 
father or step-father. The secondary carer interview was not conducted in Wave 3, and 
starting from Wave 4, the interviews were redesigned such that the secondary carer 
interview focuses only on fathers, or men performing a father-like role.9 
 
Interviews with the primary carer are the most intensive, including questions about the 
study child, the primary carer, and the household. These interviews provide the bulk of both 
the quantitative and the qualitative data in the study; they ranged from 20 minutes to three 
hours across the first four waves of the study. Interviews with the secondary carer were 
shorter, ranging from ten minutes to an hour. Interviews with the study child ranged from 
two to 50 minutes across waves. These surveys include both interview questions and direct 
assessments. 
 
Although the aim is to interview the study child and a primary carer at each wave, there are 
many cases in which an interview is conducted with a primary carer, but an interview is not 
conducted with the study child him or herself (see Table 1). However, there are no cases in 
which an interview was conducted with the study child but not with a carer. Given that the 
primary carer interview obtains the bulk of the information collected about the study child, 
the study child is considered to have participated in any wave that a carer competed an 
interview, even if the study child did not complete a direct interview. Thus, the number of 
primary carer interviews conducted at each wave best represents the number of children 
participating in the study. 
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Table 1: Number of records, by informant, for the first four waves of LSIC, 2008-20119 
Informant 
Wave 1 
(2008) 
Wave 2 
(2009) 
Wave 3 
(2010) 
Wave 4 
(2011) 
Primary carer 1,671 1,523 1,404 1,283 
Secondary carer / Fathers 257 269 NA* 213 
Study child 1,469 1,472 1,394 1,269 
Teacher / carer 45 163 329 442 
* The secondary carer questionnaire was not administered in Wave 3. 
 
LSIC was designed to only include one study child per family. Overall, 1,687 primary carers 
provided information about 1,850 children. In the 163 cases where data were contributed 
on multiple children (usually siblings) by one primary carer, only the child who was within 
the designated age group was included in the study. If both children were in the target age 
range, the younger child was preferenced for inclusion, as the younger cohort overall was 
smaller in number and this cohort would provide information about the years prior to 
school. If the siblings were twins, the child to be included in the study was chosen at 
random.17 Sixteen children were later removed from the study for administrative reasons, 
for a final sample of 1,671 children. 
 
Children were not sampled from the Australian Capital Territory or from Tasmania, but the 
distribution of LSIC participants across the other states and territories is fairly similar to the 
population distribution of Indigenous children. The proportion of males and females in LSIC 
matches that of the Indigenous population, but because children of specific age groups were 
sampled in LSIC, the age distribution does not line up with that of the Indigenous 
population. The distribution across levels of remoteness approximately lines up with the 
Indigenous population distribution, with a slight overrepresentation in LSIC of children from 
remote and very remote areas and a slight underrepresentation of children from major 
cities and outer regional areas.  
 
Participant flow 
In the first wave of the study in 2008, interviews were conducted with the primary carers of 
1,671 children; this best represents the baseline sample of participating children. Direct 
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interviews were conducted with 1,469 of these study children, 257 of their secondary 
carers, and 45 of their teachers or other carers (see Table 2).  
 
Table 2: Number of records, by informant, for the first four waves of LSIC, 2008-20119 
Informant 
Wave 1 
(2008) 
Wave 2 
(2009) 
Wave 3 
(2010) 
Wave 4 
(2011) 
Primary carer 1,671 1,523 1,404 1,283 
Secondary carer / Fathers 257 269 NA* 213 
Study child 1,469 1,472 1,394 1,269 
Teacher / carer 45 163 329 442 
* The secondary carer questionnaire was not administered in Wave 3. 
 
Of the 1,671 children with data included in the first survey, nearly 90% (1,435) had data 
contributed in a second interview. For a variety of reasons, data were not obtained on 236 
of these children in Wave 2; however, some participated in later waves of the study. 
 
In the second wave, data were provided on 88 new children who were not able to be 
interviewed in Wave 1. Data on these additional children were included in order to maintain 
the sample size (particularly in the remote regions with the lowest retention rate) and to 
involve a small number of families expressing interest in joining the study. In the third and 
fourth waves of the study, data on 92 and 133 children, respectively, were contributed after 
missing the preceding wave. In total, 5,881 primary carer interviews were conducted across 
the first four waves of the study (see Table 3). 
 
Table 3: Number of primary carers interviewed and retention rate from Wave 1 to Wave 4 
(2008-2011)18 ^ 
Wave 
(year) 
Previous wave 
respondents 
interviewed 
Additional 
interviews 
Total number of 
interviews 
Retention from 
previous wave 
(%) 
1 (2008) -- -- 1,671 -- 
2 (2009) 1,435 88* 1,523 85.9 
3 (2010) 1,312 92** 1,404 86.1 
4 (2011) 1,150 133** 1,283 81.9 
* New entrants in Wave 2. 
** Continuing participants: completed an earlier survey but missed the preceding wave.   
^ This table excludes the 16 children removed from Release 2 and Release 3 datasets for 
administrative reasons; thus the total number of interviews in Wave 1 is reduced to 1,671. 
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 Of the total sample of 1,759 children with data in the study (including the initial 1,671 and 
the 88 new entrants in Wave 2), 1,031 children (58.6%) have had data collected in all four 
waves, 423 (24.0%) have missed one wave of the survey, 183 (10.4%) have missed two 
waves of the study, and 122 (6.9%) have missed three waves of the study.19  
 
Interview language 
Interviews are conducted, when appropriate, in the idiom of Aboriginal English, in a creole 
specific to the location, or in an Aboriginal language.8, 20 In Wave 4, 81 parent interviews 
were conducted by the Research Administration Officers in a creole. Additionally, 24 were 
conducted in an Aboriginal language: one in a Research Administration Officer’s own 
language, one translated by a family member, and 22 using a translator. By Wave 5, children 
can choose whether to hear some of the questions and assessments in pre-recorded 
English, one specific Indigenous language, Kriol, or Torres Strait Creole.   
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SUPPLEMENTARY MATERIAL C 
Additional data items 
Additional topics were introduced to the survey in Wave 4. These included: parental 
exercise routines (and children’s involvement in these activities), experiences of camping, 
and involvement with religious services.  
 
Wave 5 data were collected between March and December, 2012. New items in this survey 
included measures of life satisfaction, parenting empowerment and efficacy, the study 
child’s peer relationships, and the secondary carer’s access to paternity leave, where 
applicable.  
 
Wave 6 data collection commenced in 2013, with the inclusion of new items relating to fruit 
and vegetable intake, sharing of food, community safety and wellbeing, and school 
engagement. The older cohort will also complete a new mathematics assessment.  
 
Collection of Wave 7 data began in February 2014. This survey will feature the addition of 
questions about after-school activities, experiences of bullying, and oral health.  
 
Wave 8 survey content development began in March 2014; suggestions are welcome – 
please contact lsic@dss.gov.au. 
 
When possible, typed verbatim responses to open-ended questions are included in the data 
releases; however, references to places, individuals, employers, clans, family names, and 
languages are suppressed. Released responses include: types of bush tucker (traditional 
foods) eaten, what happens before sleep time, how the primary carer copes with stress, 
cultural strengths, and parental aspirations for the study child.  
 
Examples of carers’ wishes for their child include:  
 ‘… to graduate from school and get a better education than I did’; 
 ‘…to learn about life, and become very smart and successful’; and, 
 ‘To be able to be a proud Aboriginal woman, free from discrimination’  
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When asked, ‘What would you like to be when you grow up?’ study children provided 
responses including ‘A scientist, one that works with bugs,’ to ‘Work in the community being 
a policeman,’ and ‘Astronaut, then Prime Minister of Australia’.21 
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SUPPLEMENTARY MATERIAL D 
Additional resources and linkage opportunities 
The Australian Early Development Index 
The Australian Early Development Index (AEDI) is a nation-wide assessment of early  
childhood development across five domains: physical health and wellbeing, social 
competence, emotional maturity, language and cognitive skills (school-based), and 
communications skills and general knowledge. The general LSIC release includes AEDI data 
aggregated at the suburb level; these include non-Indigenous children, and do not 
necessarily include the study children. Although most study children did not contribute 
directly to this AEDI data, these data can provide general information about child 
development in these areas; there is information about the communities in which most 
study children live (1,472 out of 1,523 study children in Wave 2).19 Additionally, individual 
consent has been obtained to allow individual linkage of LSIC data to AEDI data, for the 
older cohort in later releases; however, such linkage is yet to occur.9 
National Assessment Program – Literacy and Numeracy 
Parents and carers in the study have also been asked for permission to link their children’s 
data to scores from the National Assessment Program – Literacy and Numeracy.22 These are 
annual assessments for Australian children in school years 3, 5, 7 and 9; the assessments 
have been conducted since 2008. It is expected that linked data will be available for 
researchers in 2014. 
The Longitudinal Study of Australian Children 
Given the similarity of study design and underlying conceptual framework, there is the 
potential for direct comparisons between LSIC and the Longitudinal Study of Australian 
Children 6, 21. This study, also managed by DSS, in partnership with the Australian Institute of 
Family Studies and the Australian Bureau of Statistics, surveys 10,090 children across 
Australia, including a limited number of Indigenous children.23  
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SUPPLEMENTARY MATERIAL E 
Statistical considerations -- implications of the study design 
Table 1: LSIC interview sites and number of children participating in Wave 1 (2008)17, 18* 
State or 
Territory 
Interview sites 
Number of 
children (%) 
New South 
Wales 
1. Western Sydney (from Campbelltown to 
Riverston) 
163 (9.7) 
 2. NSW South Coast (from Kiama to Eden) 175 (10.4) 
 
3. Dubbo (including Gilgandra, Wellington, and 
Narromine) 
156 (9.2) 
Victoria 
4. Greater Shepparton (including Wangaratta, 
Seymour, Bendigo, Cobram, Barmah, and areas in 
between) 
143 (8.5) 
Queensland 
5. South East Qld (including Brisbane, Ipswich, 
Logan, Inala, Gold Coast, and Bundaberg) 
211 (12.5) 
 
6. Mount Isa and remote Western Qld (including 
Mornington Island, Doomadgee, Normanton, and 
Cloncurry) 
172 (10.2) 
 
7. Torres Strait Islands and Northern Peninsula 
Area (NPA) 
132 (7.8) 
Western 
Australia 
8. Kimberley region (including Derby, Fitzroy 
Crossing, Broome, and Ardiyooloon One Arm 
Point) 
126 (7.5) 
South 
Australia 
9. Adelaide (including Port Augusta) 
106 (6.3) 
Northern 
Territory 
(NT) 
10. Alice Springs (and some surrounding 
communities) 
64 (3.8) 
 
11. NT Top End (including Darwin, Katherine, 
Minyerri, and Galiwin’ku) 
239 (14.1) 
Total 1,687 
* There were 1,687 children in the initial participating cohort. However, 16 children were 
removed from Release 2 and Release 3 datasets for administrative reasons; thus, the total 
number of participants in Wave 1 is reduced to 1,671. 
 
Statistical considerations -- implications of the study design 
Because two children from the same geographic area are likely to be more similar than two 
children selected independently from the population, LSIC’s clustered sampling design can 
lead to the underestimation of standard errors and the calculation of inaccurate 
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coefficients. However, this clustering can, and should, be adjusted for in statistical analyses 
24. Geographical variables in LSIC include: Level of Relative Isolation, Indigenous Area, 
Indigenous Region, and interview site. Level of Relative Isolation is based on an extension of 
the Accessibility/Remoteness Index of Australia scale, which was developed by the National 
Key Centre for Social Applications of Geographic Information System.25 
 
Level of Relative Isolation is used to classify a community as having a high/extreme, 
moderate, low, or no level of relative isolation. This measure of isolation is useful for 
analyses but is not relevant in adjusting for the study’s clustered design because a range of 
Level of Relative Isolations are observed within each site (the sampling frame). Indigenous 
Area is an Australian Bureau of Statistics measure of spatial location, identifying medium-
sized geographic units (smaller than the interview sites).26 One third (141) of the 429 
Indigenous Areas spanning Australia are represented in LSIC, with between one and 112 
children interviewed in each 24. Indigenous Areas are aggregated to form Indigenous 
Regions, representing large geographic units. Indigenous Regions are loosely based on the 
Aboriginal and Torres Strait Islander Commission’s former boundaries.24 
 
From Release 4.1 of the data, both Level of Relative Isolation and a randomised Indigenous 
Area cluster variable are released with the data 9. Neither the variable for the interview site 
nor the Indigenous Region are released for the protection of participants’ privacy.27 
 
The Institute for Social Science Research at the University of Queensland examined the 
implications of the LSIC survey design, testing the suitability of three statistical approaches 
(estimating robust standard errors, random intercept modelling, and multilevel modelling) 
and three measures of geographic clustering (site, Indigenous Region, and Indigenous 
Area).24 Their model comparison demonstrated that multilevel modelling using Indigenous 
Area as the indicator of geography was the most appropriate method for analysis of LSIC 
data. 
 
There are some limitations to using the Indigenous Area variable to adjust for the clustered 
sampling. First, the Indigenous Areas were not used as the sampling frame for LSIC, and 
therefore they do not precisely correspond to the larger geographic areas (the 11 interview 
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sites) from which families were sampled – the boundaries of the sites do not completely 
align with the boundaries of the Indigenous Areas. Second, because the Indigenous Areas 
are smaller than the sampling frame, there are many singleton clusters (with just one 
observation in an Indigenous Area). However, the Institute for Social Science Research 
found little evidence that the latter limitation will induce bias; research has demonstrated 
that the presence of singleton clusters (13.5% of clusters in the first wave of LSIC) is unlikely 
to pose a problem since there are more than 50 clusters.24 
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SUPPLEMENTARY MATERIAL F 
Data access 
Prospective users need to sign a deed of license and complete an application for the 
dataset, including a disclosure of the context of their research. The requirement for a 
‘standpoint’ is specific to LSIC on request of the Steering Committee, who wanted data users 
to be conscious of their own, and their institution’s, social, cultural, economic, and personal 
points of view when examining the data.  LSIC data users also agree to ‘show respect for: 
land, laws, elders, culture, community, families and support Indigenous people’s visions for 
their futures when interpreting data outputs and reporting on them.’  
 
Data users need to adhere to strict security and confidentiality protocols and are asked to 
read DSS Fact Sheets 1 through 10, which outline DSS licensing arrangements and 
responsibilities of Data Managers and users of DSS longitudinal survey datasets, before 
completing an application.  
 
Research conducted using LSIC is required to be recorded in DSS's Longitudinal Surveys 
Electronic (FLoSse) Research archive, available from: http://flosse.dss.gov.au/. Where 
possible, electronic links are provided with publications and presentations in the repository. 
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APPENDIX 2. Supporting information for 
Chapter 6 
Additional material provided by the authors to supplement Paper 4, published online at:  
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0130039 
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Early life predictors of increased Body Mass Index among Indigenous 
Australian children 
Supporting information 
S1 File provides information on the multilevel multiple imputation sensitivity analysis. S1 Table 
presents the results of the models with potential confounders added in steps. S2 Table presents the 
distribution of birthweight among children participating in Wave 4 of LSIC (2011), across demographic 
and physiological variables. 
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S1 File. Multilevel multiple imputation 
Analysis models need to take account of a study’s design for results to be unbiased. This is 
also true for multiple imputation models. Using single-level multiple imputation methods for 
a clustered survey with unbalanced data (such as LSIC) could result in biased parameter 
estimates and invalid estimates of precision [1, 2]. 
The multiple imputation methods available in Stata 12.1 do not allow for a multilevel 
structure; the REALCOM-IMPUTE program was developed to fill this gap [1, 2]. This program 
is freely available from http://www.cmm.bristol.ac.uk/research/Realcom/index.shtml, and 
code to export data between REALCOM-IMPUTE and Stata is available from 
http://www.missingdata.org.uk/. REALCOM-IMPUTE fits the model using Markov Chain 
Monte Carlo and a Gibbs sampling approach. 
Before creating an imputation model, we explored variables related to the values and 
missingness of each variable in the analysis model. We focused on birthweight z-score as it 
had the most missing data of variables in the analysis model [3], and its missingness was 
related to the missingness of three other variables (maternal diabetes, smoking, and weight 
gain during pregnancy). Missingness of birthweight z-score was not related to missingness 
of BMI z-score; however, it was significantly associated with the value of BMI z-score. 
Missingness of birthweight z-score was also significantly associated with age group and 
area-level disadvantage, factors included in the analysis model.  
Remoteness, measured using the Level of Relative Isolation (LORI) scale, was significantly 
related to the value of BMI z-score, and the missingness of both BMI and birthweight z-
scores. Thus, this variable was chosen for inclusion in the multiple imputation model to help 
uphold the missing at random assumption [1, 3, 4]. 
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First, we fit our analysis model in Stata using complete case analysis. Next, we exported the 
data to REALCOM-IMPUTE, identifying the variables to be imputed (“response variables”), 
the level two variables, and the auxiliary variables (covariates with no missing data). 
Response variables were identified as either continuous, ordinal, or unordered categorical.  
The multiple imputation model included all variables in the analysis model (including the 
outcome variable, BMI z-score) and the categorical variable indicating remoteness. We 
included BMI z-score and birthweight z-score as continuous variables (each with an 
approximately normal distribution); and maternal diabetes, smoking, and weight gain as 
unordered categorical variables to be imputed. Children missing BMI z-scores were included 
in the imputation model as they provided additional information on the relationships 
between the exposures. We did not analyse the imputed BMI z-scores, however, to avoid 
adding noise to the estimates [5]; the imputation model was restricted to children with non-
missing BMI data only (n=1,152). 
Variables with no missing data – sex, age category, Indigenous identification, disadvantage, 
and remoteness – were included as auxiliary variables. Dummy variables were created for 
categorical auxiliary variables. Disadvantage deciles were collapsed into quintiles to avoid 
small cell sizes. The Indigenous Area variable was included as the level-2 identifier. We 
included all other variables as level-1 variables as in the analysis model. 
Following suggestions from Carpenter et al, we chose a burn-in period of 500 iterations, 
creating imputations at every 500th iteration [2]. We chose to compute 50 imputations (for 
a total of 25,000 iterations), in line with common guidelines [5, 6]. 
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The imputations were exported back into Stata, and we checked that the distribution of 
imputed variables resembled the original distribution in the sample. The distribution of 
variables across the total LSIC sample (with BMI z-score recorded), the sample included in 
the complete case analysis, the imputed data, and the full sample (with BMI z-score 
recorded) including imputed values is presented in S1.1 Table.  
 
S1.1 Table. Distribution of variables in the full sample, complete case analysis, and 
imputed datasets. 
 # 
missing 
Sample w/ BMI 
(n = 1,152 - # 
missing) 
Complete cases 
(n = 682) 
Imputed 
values* 
(n = # missing) 
Imputed + 
original 
(n = 1,152) 
      
Mean BMI z-score [95% CI] -- 0.28 
  
0.37 
  
-- 0.28 
  Mean birthweight z-score [95% CI] 291 -0.17 
  
-0.19 
  
-0.17 
  
-0.17 
     
  Proportion Proportion Proportion Proportion 
      
Age group 0     
   3-4 years  20.6 23.8 -- 20.6 
   4-5 years  34.8 33.6 -- 34.8 
   5-7 years  21.3 21.9 -- 21.3 
   7-9 years  23.4 20.8 -- 23.4 
      
Sex 0     
   Male  50.5 49.3 -- 50.5 
   Female  49.5 50.7 -- 49.5 
      
Indigenous identification 0     
   Aboriginal  89.2 90.2 -- 89.1 
   Torres Strait Islander  6.2 5.4 -- 6.2 
   Both  4.7 4.4 -- 4.7 
Maternal diabetes 94     
   No diabetes  93.3 93.6 91.7 93.2 
   Yes diabetes  6.7 6.5 8.3 6.8 
Maternal smoking 132     
   No smoke  50.3 51.3 48.0 50.0 
   Yes smoke  49.7 48.7 52.0 50.0 
Maternal weight gain 278     
   Okay or not enough  87.8 87.2 89.5 88.2 
   Too much  12.2 12.8 10.5 11.8 
Area-level disadvantage 0     
   Most advantaged  18.7 21.9 -- 18.7 
   Middle advantage  60.7 67.0 -- 60.7 
   Most disadvantaged  20.7 11.1 -- 20.7 
Level of relative isolation 0     
   No  28.7 34.0 -- 28.7 
   Low  47.1 51.0 -- 47.0 
   Moderate  14.8 10.0 -- 14.8 
  High/extreme  9.4 5.0 -- 9.4 
* These data represent the proportion estimation across the 50 imputed datasets. 
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The analysis model was re-fit for each imputed data set, combined using Rubin's rules (S1.2 
Table). The results of the two methods were very similar, with relatively consistent 
coefficients and p-values.  
 
S1.2 Table. Results of the complete case analysis and multiple imputation analysis. 
 Complete case analysis 
(Model 4) 
Multiple imputation analysis 
(Model 4 MI) 
 Coefficient [95% CI] Coefficient [95% CI] 
Birthweight z-score 0.22 [0.13, 0.31] 0.19 [0.11, 0.27] 
Age group 
   3-4 years Reference Reference 
   4-5 years 0.02 [-0.24, 0.28] -0.03 [-0.25, 0.19] 
   5-7 years -0.02 [-0.31, 0.27] -0.14 [-0.38, 0.10] 
   7-9 years 0.24 [-0.05, 0.54] -0.02 [-0.26, 0.22] 
Sex 
   Male Reference Reference 
   Female 0.00 [-0.20, 0.20] 0.01 [-0.14, 0.17] 
Indigenous identification 
   Aboriginal Reference Reference 
   Torres Strait Islander -0.12 [-0.60, 0.35] -0.10 [-0.49, 0.29] 
   Both -0.34 [-0.83, 0.15] -0.14 [-0.53, 0.24] 
Maternal diabetes 
   No diabetes Reference Reference 
   Diabetes 0.23 [-0.17, 0.63] 0.29 [-0.04, 0.62] 
Maternal smoking 
  No smoke Reference Reference 
  Yes smoke 0.25 [0.05, 0.45] 0.17 [0.00, 0.35] 
Maternal weight gain 
   Okay or not enough  Reference Reference 
   Too much weight 0.18 [-0.12, 0.48] 0.36 [0.07, 0.64] 
Area-level disadvantage 
   Most advantaged -0.09 [-0.36, 0.19] 0.03 [-0.24, 0.30] 
   Mid-advantaged Reference Reference 
   Most disadvantaged -0.61 [-0.97, -0.26] -0.69 [-0.97, -0.40] 
N 682 1,152 
ICC 0.04 0.08 
 
In the multiple imputation analysis, the magnitude of the coefficient for ‘too much’ weight 
gain during pregnancy increased from 0.18 to 0.36, crossing the threshold for significance 
(at α = 0.05). This variable had the highest prevalence of missing data, at n=278/1,152. The 
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proportion of the sample with mothers gaining ‘too much’ weight gain was very similar in 
the original sample and in the imputed data (12.2% versus 10.5%). 
 
The coefficient for smoking during pregnancy decreased from 0.25 to 0.17, but maintained 
significance at α = 0.05, with p=0.047. The coefficient for maternal diabetes during 
pregnancy increased from 0.23 to 0.29, with an associated decrease in p-value from 0.262 to 
0.083.  
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S1 Table. Results of the models with potential confounders added in steps. 
 
*Model 1: 
Demographic 
variables 
†Model 2: 
Demographic and 
physiological variables 
‡Model 3: 
Demographic variables 
and area-level SES 
§Model 4: 
Full model 
 Coefficient  
[95% CI] 
Coefficient  
[95% CI] 
Coefficient  
[95% CI] 
Coefficient  
[95% CI] 
Birthweight z-score 0.20 [0.12, 0.28] 0.21 [0.12, 0.30] 0.20 [0.12, 0.28] 0.22 [0.13, 0.31] 
Age group 
   3-4 years Reference Reference Reference Reference 
   4-5 years -0.02 [-0.27, 0.22] 0.02 [-0.24, 0.29] -0.03 [-0.27, 0.21] 0.02 [-0.24, 0.28] 
   5-7 years -0.09 [-0.36, 0.17] -0.02 [-0.32, 0.27] -0.09 [-0.35, 0.18] -0.02 [-0.31, 0.27] 
   7-9 years 0.21 [-0.06, 0.47] 0.25 [-0.05, 0.55] 0.21 [-0.06, 0.47] 0.24 [-0.05, 0.54] 
Sex 
   Male Reference Reference Reference Reference 
   Female 0.05 [-0.13, 0.23] -0.01 [-0.21, 0.19] 0.06 [-0.12, 0.23] 0.00 [-0.20, 0.20] 
Indigenous identification 
   Aboriginal Reference Reference Reference Reference 
   Torres Strait Islander -0.12 [-0.52, 0.28] -0.12 [-0.60, 0.37] -0.14 [-0.53, 0.26] -0.12 [-0.60, 0.35] 
   Both -0.19 [-0.62, 0.24] -0.30 [-0.79, 0.20] -0.2 [-0.62, 0.22] -0.34 [-0.83, 0.15] 
Diabetes status during pregnancy 
   No diabetes   Reference  Reference 
   Diabetes 
 
0.24 [-0.16, 0.65] 
 
0.23 [-0.17, 0.63] 
Smoking during pregnancy 
   No  Reference  Reference 
   Yes 
 
0.24 [0.04, 0.44] 
 
0.25 [0.05, 0.45] 
Weight gain during pregnancy 
   Okay or not enough  Reference  Reference 
   Too much  0.21 [-0.09, 0.51]  0.18 [-0.12, 0.48] 
Area-level advantage/disadvantage at Wave 1 
   Most advantaged 
  
0.01 [-0.26, 0.27] -0.09 [-0.36, 0.19] 
   Mid-advantaged   Reference Reference 
   Most disadvantaged 
  
-0.50 [-0.83, -0.18] -0.61 [-0.97, -0.26] 
n 861 682 861 682 
ICC 0.07 0.06 0.05 0.04 
 
* Each model includes all children with non-missing data on the included exposures for that 
model; thus, the number (n) varies between models with different exposures included. Model 
1: adjusted for age group, sex and Indigenous identification. †Model 2: adjusted for variables 
in model 1 plus maternal diabetes, smoking, and weight gain during pregnancy. ‡Model 3: 
adjusted for variables in model 1 plus area-level socioeconomic status. §Model 4: includes all 
variables. 
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S2 Table. Distribution of birthweight among children providing data on BMI z-score in 
Wave 4 of LSIC (2011), across demographic and physiological variables. 
 n 
Mean 
birthweight 
z-score 
95% CI % SGA % AGA % LGA 
Total 861 -0.17 [-0.25, -0.10] 16.5 72.9 10.6 
       
Age 
   3-4 years 200 -0.06 [-0.20, 0.08] 10.5 78.0 11.5 
   4-5 years 286 -0.21 [-0.33, -0.08] 14.7 74.5 10.8 
   5-7 years 187 -0.08 [-0.25, 0.09] 18.2 70.6 11.2 
   7-9 years 188 -0.32 [-0.50, -0.15] 23.9 67.6 8.5 
       
Sex 
   Male 433 -0.13 [-0.23, -0.02] 16.9 71.6 11.6 
   Female 428 -0.21 [-0.32, -0.11] 16.1 74.3 9.6 
 
Indigenous identification 
   Aboriginal 759 -0.19 [-0.26, -0.11] 16.7 73.0 10.3 
   Torres Strait Islander 60 -0.03 [-0.34, 0.28] 16.7 66.7 16.7 
   Both 42 -0.10 [-0.45, 0.25] 11.9 81.0 7.1 
       
Maternal diabetes 
   No diabetes 799 -0.19 [-0.27, -0.11] 17.0 72.6 10.4 
   Yes diabetes 56 0.22 [-0.06, 0.49] 5.4 80.4 14.3 
   Missing 6 -1.02 [-1.84, -0.19] 50.0 50.0 0.0 
       
Maternal smoking 
   No smoke 420 0.07 [-0.04, 0.17] 10.5 75.7 13.8 
   Yes smoke 402 -0.39 [-0.50, -0.28] 22.1 70.2 7.7 
   Missing 39 -0.43 [-0.75, -0.10] 23.1 71.8 5.1 
       
Maternal weight gain 
   Okay or not enough  616 -0.27 [-0.36, -0.18] 18.2 73.1 8.8 
   Too much 91 0.31 [0.07, 0.56] 9.9 71.4 18.7 
   Missing 154 -0.06 [-0.24, 0.13] 13.6 73.4 13.0 
       
Area-level advantage/disadvantage at Wave 1 
   Most advantaged 187 -0.09 [-0.24, 0.07] 12.3 76.5 11.2 
   Mid-advantaged 564 -0.21 [-0.30, -0.11] 17.6 72.5 9.9 
   Most disadvantaged 110 -0.13 [-0.37, 0.11] 18.2 69.1 12.7 
* Includes only the sample with no missing data on birthweight or BMI z-score. Size for 
gestational age categories were defined using cut-off points of z = -1.28 and z = +1.28 were 
used, in alignment with standard percentile cut-offs. 
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APPENDIX 3. Supporting information for 
Chapter 7 
Additional material provided by the authors to supplement Paper 5, published online at: 
http://onlinelibrary.wiley.com/doi/10.1002/oby.21783/abstract 
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Body Mass Index trajectories of Indigenous Australian children, and relation 
to screen-time, diet, and demographic factors  
Supporting information 
Supplementary File 1 contains details on variable definitions and on the development of the model’s 
covariance and mean structure. Supplementary File 2 contains details on sensitivity analyses. 
Supplementary File 3 contains details on the distribution of baseline BMI by age group by Wave 6 BMI 
category. Supplementary File 4 contains details on the distribution of BMI by area-level disadvantage 
across waves of the study. 
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Supplementary File 1.  Details on variable definitions and development of the model’s covariance 
and mean structure 
 
Additional details on definition of exposure variables 
Screen-time: Carers reported the number of hours their child spent watching TV, DVDs, or videos on a 
typical weekday. Children were categorised as having lower versus higher screen-time if they met 
versus exceeded the recommended amount of screen-time for their age according to 2014 Australian 
guidelines.  
Dietary indicators: Carers reported the types of food and beverages their child consumed the morning, 
afternoon, and evening preceding interview. Sugar-sweetened beverage consumption was derived 
from the category: ‘Soft drink, cordial, or sports drink – not diet’. High-fat food consumption was 
derived from the categories: ‘processed meat like meat pies, hamburgers, hot dogs, sausages, chicken 
nuggets, salami or ham’; ‘hot chips or French fries’; ‘packet of chips or salty snacks’; and ‘sweet 
biscuits, doughnuts, cake, chocolate or lollies’. We defined lower versus higher consumers as children 
consuming sugar-sweetened beverages and high-fat foods on <2 versus ≥2 occasions the preceding 
day.  
Children’s general health: carers were asked, “In general, would you say <study child>’s health is 
excellent, very good, good, fair or poor?”; responses were categorised as poor, fair, or good vs. very 
good or excellent. 
Carer’s general health:  Carers were asked, “In general, would you say your health is excellent, very 
good, good, fair or poor?” Responses were categorised as poor, fair, or good vs. very good or excellent. 
Carer’s social and emotional wellbeing: The 6th Wave of the LSIC survey (used in the current study) 
includes a set of seven questions intended to capture subjective wellbeing.1 These questions have 
been adapted from the Strong Souls index used in the Aboriginal Cohort Study.2 Unfortunately, the 
seven questions asked in this Wave of LSIC do not capture positive aspects of emotional wellbeing, 
which we recognise is an important component of wellbeing. This social and emotional wellbeing 
index includes questions related to depression (including anger and impulsivity) and anxiety, and can 
provide an indication of the level of negative emotional wellbeing.1 Carers were asked, in the last three 
months: 
1. Have you stopped liking things that used to be fun? 
2. Have you felt like everything is hard work (even little jobs are too much)? 
3. Have you felt so worried that your stomach (tummy) has got upset? 
4. Have you ever felt so worried it was hard to breathe? 
5. Do you get angry or wild real quick? 
6. Have you felt so sad that nothing could cheer you up? Not even your friends made you 
feel better. 
7. Do you do silly things without thinking that you feel ashamed about the next day? 
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Response options were: never (or not much), little bit (or sometimes), fair bit, lots (or lots of times), 
or don’t know. Consistent with previously published analyses of these data,3 the first two responses 
were coded as 0 (never or little bit) and the latter two as 1 (fair bit or lots). Scores for the 7 questions 
were summed for a total of 0-7, with higher scores reflecting better social and emotional wellbeing. 
Carers were categorised as having a lower distress score (score 0-1) or a higher distress score (2-7). 
Financial strain: Carers were asked, “Which words best describe your family’s money situation?”, with 
possible response options: “we run out of money before payday”; “we are spending more money than 
we get”; “we have just enough money to get us through to the next payday”; “there’s some money 
left over each week but we just spend it”; “we can save a bit every now and then”; “we can save a 
lot”; or “Don’t know”. Responses were categorized as: run out of money (“we run out of money before 
payday” or “we are spending more money than we get”), just enough money (“we have just enough 
money to get us through to the next payday” or “there’s some money left over each week but we just 
spend it”), or can save money (“we can save a bit every now and then” or “we can save a lot”). 
Food insecurity: carers were asked, “In the last 12 months, have any of these happened to you because 
you were short of money? Went without meals”. Carers responded yes, no, or don’t know (recoded 
to missing). 
Carer’s employment status: carers were asked, “Do you have a job or are you on leave from a job?”. 
Carers were categorised as being employed if they responded: yes (one job only); yes, more than one 
job; or yes, but am currently on leave (e.g. Maternity leave, sick leave, etc.). Carers were categorised 
as not being employed if they responded: no; permanently unable to work; retired; unpaid working 
(e.g. volunteering); or other. Carers were also asked to report the number of hours worked in all jobs. 
If the carer reported being employed but reported doing 0 hours of work, they were recoded as not 
employed. Carers were coded as part-time if they worked >0 and ≤34 hours, and full-time if they 
worked >34 hours. 
Carer’s highest qualification: At the second wave of LSIC, the carers were asked to report their highest 
level of educational qualification. This question was repeated in subsequent waves for new primary 
carers only; we used the most recent information provided. Carers were categorised as having a 
highest qualification less than Year 12, or of Year 12 or beyond. 
Number of adults in household: the reported number of adults living in the child’s household was 
categorised as 1, 2, or ≥3. 
Geographical remoteness: Geographical remoteness in LSIC is measured using the Level of Relative 
Isolation scale.3 Areas are categorised as having no, low, moderate, high, or extreme isolation; these 
categories correspond to major cities, larger regional centres, smaller regional centres far from large 
cities, and communities/settlements generally with a predominantly Indigenous population, 
respectively. 
Area-level disadvantage was measured using the Index of Relative Indigenous Socioeconomic 
Outcomes (IRISEO),4 an index calculated specifically for Indigenous Australians based on nine 
measures of socioeconomic status. Within the LSIC sample, areas were categorised as having the 
highest (IRISEO 8-10), middle (IRISEO 4–7), or lowest (IRISEO 1–3) level of advantage.  
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Safe community:  Carers were asked, ‘How safe would you say this community or neighbourhood is?’ 
The response options were: very safe; quite safe; okay; not very safe; dangerous; other (please 
specify); don’t know; or refused. The first three responses were coded as yes (okay, safe, or very safe), 
and the fourth and fifth responses as no (not so safe or really bad); responses of ‘other’, ‘don’t know’ 
and ‘refused’ were coded as missing. 
Availability of places for their child to play:  Carers were asked, ‘are there good places for kids to play 
in this community or neighbourhood?’. The response options were: yes lots of parks, playgrounds; yes 
a few places that are good; some places that are OK; no, not many; no, none; other (please specify); 
don’t know; or refused. The first three responses were coded as yes (some, a few, or lots), and the 
fourth and fifth responses as no (not many or none); responses of ‘other’ and ‘don’t know’ and 
‘refused’ were coded as missing. 
 
Development of the model’s covariance and mean structure  
We examined the relationship between age and BMI graphically for a random subset of the sample, 
and it indicated that a linear relationship would be most appropriate and parsimonious, particularly 
given the few waves of data utilised.5,6   
To account for the correlation structure inherent to the LSIC survey design, repeated measurements 
of BMI were nested within children, and children were nested within their geographic area. Then we 
defined the covariance between measurements within individuals: the structure of the study (a 
longitudinal study with time-related measurements), and previous models of childhood BMI7 
indicated that an Autoregressive (AR) residual structure would be appropriate. We fit an unstructured 
covariance structure for comparison, and maintained the AR-1 structure as it had a better fit according 
to Akaike's and Bayesian information criterion (AIC and BIC). When comparing the two covariance 
structures, the model included children who were in the normal range of BMI at baseline, and included 
sex as a fixed effect, and age as a fixed and a random effect, based on previous literature and our a 
priori hypotheses.7,8 
We tested the inclusion of a linear term for age as a random effect, assessing the relative fit using AIC 
and BIC. We assumed that all individual trajectories were linear, but allowed each child to have his or 
her own growth parameters (slope). This allows children to differ in their own BMI intercept (baseline 
BMI) and slope (change in BMI over time).   
Children’s age in months, rather than Wave of the study, was the most appropriate time metric for 
analysis because of the study’s accelerated cohort design, with two age cohorts measured 
simultaneously.5 Because there was variation between children in the number of months between 
measurements (around the mean of 12 months), we treated the model as time unstructured. We 
centred age at the mean age of the sample across waves. 
 Given potential sex differences, we allowed the intercept and slope to vary between males and 
females. The model included: age, age group (5 vs. >5 years at baseline), sex, other exposures, and an 
interaction between age and sex, and age and each exposure. 
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Supplementary File 2. Sensitivity analyses 
A) Categorical vs. continuous measure of BMI change 
Examining the mean change in BMI across individuals can obscure meaningful differences if some 
individuals within an exposure group increase in BMI but others decrease,9 so we also examined 
categories of BMI change between Wave 3 and Wave 6 among children with measurements at both 
waves (n=592/907). 
Change in BMI was assessed based on BMI z-scores to account for the expected differences in BMI 
change over time for children of different ages. Research has demonstrated improved health 
outcomes and decreased fat mass for children with obesity who experience decreases in BMI z-score 
greater than 0.5, and 0.6 units, per year, respectively but there is no standard definition for a 
‘significant’ increase in BMI z-score for children. Thus, we have set a conservative cut-off point for 
categories of change in BMI: BMI decrease was defined as an average BMI z-score change of ≤-0.3 
units per year, BMI maintenance was defined as an average change in BMI z-score between -0.3 and 
0.3 per year, and BMI increase was defined as an average change in BMI z-score ≥0.3 per year. For this 
sensitivity analysis, we have used a dichotomous outcome, BMI decrease/maintenance vs. BMI 
increase, because our focus is on weight gain.  
We examined the percent of children who had a BMI increase (vs. BMI maintenance/decrease) 
between Wave 3 and Wave 6 across categories of our exposure variables. Because the outcome (BMI 
increase) was common (28.9%, n=171/592), we calculated Prevalence Ratios for our outcome across 
exposure groups, using multilevel Poisson models with robust variance. We included children’s 
geographic cluster as a level variable to account for the within-cluster correlation resulting from LSIC’s 
survey design. We included the same covariates as in our primary model: screen-time, sugar-
sweetened beverage consumption, high-fat food consumption, sex, age group at baseline, Indigenous 
identification, remoteness, and area-level disadvantage. 
The association between exposures and the categorical measure of BMI change were generally 
consistent with the results of our primary analysis (see Table S1), however confidence intervals were 
wide in this analysis, partly due to the decreased sample size and power.  
Our results support previous findings that use of a continuous, vs. categorical, measure is a more 
sensitive measure of BMI change.10,11 
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Table S1. Prevalence Ratios for BMI increase across exposure categories 
  Categorical outcome 
  
n 
PR of BMI increase vs. 
maintenance/decrease 
[95%CI] 
Age (months) 578 0.99 [0.96,1.02] 
Screen-time     
  Higher screen-time 450 1 [ref] 
  Lower screen-time 128 0.96 [0.65,1.40] 
Sugar-sweetened beverages     
  ≥2 172 1 [ref] 
  <2 406 0.87 [0.67,1.11] 
High-fat foods     
  ≥2 179 1 [ref] 
  <2 399 0.86 [0.65,1.13] 
Sex     
`  Male 282 1 [ref] 
  Female 296 1.26 [1.00,1.58] 
Age group at baseline     
  ≤5 years 358 1 [ref] 
  >5 years 220 2.13 [0.79,5.73] 
Indigenous identification     
  Aboriginal 512 1 [ref] 
  Torres Strait Islander 40 1.07 [0.68,1.68] 
  Both 26 0.75 [0.36,1.56] 
Level of Relative Isolation     
  None  168 1 [ref] 
  Low  277 1.34 [0.94,1.93] 
  Moderate  82 1.16 [0.70,1.93] 
  High/Extreme  51 1.73 [1.00,2.99] 
Area-level disadvantage     
  Most advantaged  119 1 [ref] 
  Middle advantage 351 0.91 [0.63,1.31] 
  Most disadvantaged 108 0.66 [0.37,1.16] 
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B) Stratification by remote vs. urban environment 
Due to expected environmental differences across levels of remoteness and the potential for residual 
confounding by remoteness, we repeated our analysis stratified by urban (No or Low isolation) vs. 
remote (Moderate or High/Extreme isolation) setting to assess for residual confounding by 
remoteness (Figure S1 and Figure S2). We did not observe any material differences in the relationship 
of exposures to BMI change in the urban vs. remote sample, and have therefore presented the non-
stratified results in the manuscript. 
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Figure S1. Difference in BMI slope coefficient across exposure categories, for remote areas 
 
Figure S2. Difference in BMI slope coefficient across exposure categories, for urban areas 
   
n
Screen-time
  Higher screen-time 140 0 [ref]
  Lower screen-time 75 0.07 [-0.11,0.25]
Sugar-sweetened beverages
  ≥2 54 0 [ref]
  <2 161 -0.07 [-0.26,0.12]
High-fat foods
  ≥2 34 0 [ref]
  <2 181 -0.09 [-0.33,0.15]
Sex
  Male 106 0 [ref]
  Female 109 0.01 [-0.15,0.17]
Age group at baseline
  ≤5 years 137 0 [ref]
  >5 years 78 0.63 [0.42,0.84]
Indigenous identification
  Aboriginal 160 0 [ref]
  Torres Strait Islander 38 0.29 [0.02,0.56]
  Both 17 0.05 [-0.30,0.40]
Level of Relative Isolation
  None -- --
  Low -- --
  Moderate 125 0 [ref]
  High/Extreme 90 0.01 [-0.18,0.19]
Area-level disadvantage
  Most advantaged 6 0 [ref]
  Middle advantage 75 0.11 [-0.32,0.54]
  Least advantaged 134 -0.12 [-0.57,0.34]
Difference in slope coefficient (ΔBMI/year) from referent [95%CI]
Remote areas
-0.5 -0.25 0 0.25 0.5 0.75
n
Screen-time
  Higher screen-time 555 0 [ref]
  Lower screen-time 117 0.05 [-0.07,0.17]
Sugar-sweetened beverages
  ≥2 216 0 [ref]
  <2 456 -0.05 [-0.15,0.05]
High-fat foods
  ≥2 240 0 [ref]
  <2 432 -0.07 [-0.16,0.02]
Sex
  Male 333 0 [ref]
  Female 339 0.19 [0.10,0.28]
Age group at baseline
  ≤5 years 416 0 [ref]
  >5 years 256 0.59 [0.48,0.70]
Indigenous identification
  Aboriginal 622 0 [ref]
  Torres Strait Islander 21 0.21 [-0.05,0.47]
  Both 29 -0.05 [-0.27,0.16]
Level of Relative Isolation
  None 234 0 [ref]
  Low 438 0.11 [0.00,0.22]
  Moderate -- --
  High/Extreme -- --
Area-level disadvantage
  Most advantaged 159 0 [ref]
  Middle advantage 464 -0.09 [-0.21,0.03]
  Least advantaged 49 0.01 [-0.18,0.21]
Difference in slope coefficient (ΔBMI/year) from referent [95%CI]
Urban areas
-0.5 -0.25 0 0.25 0.5 0.75
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C) Inclusion of fruit juice consumption within definition of sugar-sweetened beverage consumption 
 
Sugar-sweetened beverage consumption was derived from the category: ‘Soft drink, cordial, or sports 
drink – not diet’; ‘fruit juice’ was a separate category, and was not included in our primary definition 
of sugar-sweetened beverage consumption as the item did not differentiate between juices with and 
without added sugar. However, given the high sugar content of many fruit juices, we created an 
alternate definition of sugar-sweetened beverage consumption that included consumption of fruit 
juice.  
 
In some papers examining the association between sugar-sweetened beverage and children’s BMI 
using data from the Longitudinal Study of Australian Children, which employs a similar study design, 
authors have included fruit juice consumption within sugar-sweetened beverage consumption (for 
example, Millar et al.12 and Fuller-Tyszkiewicz et al.13, and Wheaton et al.14). Within our study, we 
observed that the association between sugar-sweetened beverage consumption on BMI change was 
strengthened, but did not reach significance, when we included fruit juice consumption when 
calculating children’s sugar-sweetened beverage consumption. 
 
Table S2. Difference in BMI slope coefficient across exposure categories, for different measures of sugar-sweetened 
beverage consumption (including vs. excluding fruit juice consumption) 
  
Sugar-sweetened beverage including 
fruit juice   
Sugar-sweetened beverage not 
including fruit juice 
  
n 
Difference in slope 
coefficient (ΔBMI/year) 
from referent [95%CI] 
  n 
Difference in slope 
coefficient (ΔBMI/year) 
from referent [95%CI] 
Screen-time           
  Higher screen-time 695 0 [ref]   695 0 [ref] 
  Lower screen-time 192 0.04 [-0.06,0.14]   192 0.03 [-0.04,0.17] 
Sugar-sweetened beverages           
  ≥2 463 0 [ref]   270 0 [ref] 
  <2 424 -0.08 [-0.16,0.00]   617 -0.05 [-0.14,0.03] 
High-fat foods           
  ≥2 274 0 [ref]   274 0 [ref] 
  <2 613 -0.07 [-0.16,0.01]   613 -0.08 [-0.17,0.00] 
Sex           
  Male 439 0 [ref]   439 0 [ref] 
  Female 448 0.15 [0.08,0.23]   448 0.15 [0.07,0.23] 
Age group at baseline           
  ≤5 years 553 0 [ref]   553 0 [ref] 
  >5 years 334 0.59 [0.50,0.69]   334 0.59 [0.50,0.69] 
Indigenous identification           
  Aboriginal 782 0 [ref]   782 0 [ref] 
  Torres Strait Islander 59 0.29 [0.11,0.46]   59 0.29 [0.11,0.46] 
  Both 46 -0.02 [-0.20,0.16]   46 -0.02 [-0.20,0.16] 
Level of Relative Isolation           
  None  234 0 [ref]   234 0 [ref] 
  Low  438 0.11 [0.00,0.21]   438 0.11 [0.01,0.22] 
  Moderate  125 -0.02 [-0.18,0.14]   125 -0.02 [-0.18,0.14] 
  High/Extreme  90 -0.03 [-0.22,0.16]   90 -0.03 [-0.22,0.16] 
Area-level disadvantage           
  Most advantaged  165 0 [ref]   165 0 [ref] 
  Middle advantage 539 -0.07 [-0.19,0.04]   539 -0.06 [-0.18,0.05] 
  Most disadvantaged 183 -0.13 [-0.29,0.04]   183 -0.12 [-0.28,0.04] 
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D) Excluding children with a carer-reported disability at baseline 
There is increasing evidence of a relationship between obesity and disability;15 research from other 
populations indicates that children with chronic conditions including learning disability, autism, and 
attention-deficit/hyperactivity disorder are at increased risk for obesity, after adjustment for 
demographic and socioeconomic factors.16 Therefore, we repeated our analysis in a sample of children 
without disability, according to carer-report. 
We did not examine children’s disability as an exposure as it is a heterogeneous group (for example, 
including children with autism vs. a physical disability), but instead examined the impact of excluding 
children with a disability from our analysis. At the Wave 3 survey, Carers reported any health problems 
experienced by the child in the past 12 months. Children were coded as having a disability if the carer 
reported conditions including: intellectual disability, specific learning disability, Austism Spectrum 
Disorder, physical disability, trauma/injury-related disability, neurological disability, speech disability, 
psychiatric disability, or other type of disability.  
We did not observe any material changes to our results after excluding children with a disability. 
Table S3. Difference in BMI slope coefficient across exposure categories, excluding vs. including children with a carer-
reported disability at baseline 
  Excluding children with a disability   Full sample 
  
n 
Difference in slope 
coefficient (ΔBMI/year) 
from referent [95%CI] 
  n 
Difference in slope 
coefficient (ΔBMI/year) 
from referent [95%CI] 
Screen-time           
  Higher screen-time 679 0 [ref]   695 0 [ref] 
  Lower screen-time 188 0.03 [-0.07,0.13]   192 0.03 [-0.04,0.17] 
Sugar-sweetened beverages           
  ≥2 450 0 [ref]   270 0 [ref] 
  <2 417 -0.05 [-0.13,0.04]   617 -0.05 [-0.14,0.03] 
High-fat foods           
  ≥2 263 0 [ref]   274 0 [ref] 
  <2 604 -0.09 [-0.18,0.00]   613 -0.08 [-0.17,0.00] 
Sex           
  Male 426 0 [ref]   439 0 [ref] 
  Female 441 0.15 [0.08,0.23]   448 0.15 [0.07,0.23] 
Age group at baseline           
  ≤5 years 543 0 [ref]   553 0 [ref] 
  >5 years 324 0.59 [0.50,0.69]   334 0.59 [0.50,0.69] 
Indigenous identification           
  Aboriginal 764 0 [ref]   782 0 [ref] 
  Torres Strait Islander 58 0.30 [0.12,0.47]   59 0.29 [0.11,0.46] 
  Both 45 -0.01 [-0.19,0.18]   46 -0.02 [-0.20,0.16] 
Level of Relative Isolation           
  None  229 0 [ref]   234 0 [ref] 
  Low  426 0.11 [0.00,0.22]   438 0.11 [0.01,0.22] 
  Moderate  123 -0.01 [-0.17,0.15]   125 -0.02 [-0.18,0.14] 
  High/Extreme  89 -0.01 [-0.20,0.18]   90 -0.03 [-0.22,0.16] 
Area-level disadvantage           
  Most advantaged  162 0 [ref]   165 0 [ref] 
  Middle advantage 525 -0.06 [-0.18,0.06]   539 -0.06 [-0.18,0.05] 
  Most disadvantaged 180 -0.13 [-0.29,0.04]   183 -0.12 [-0.28,0.04] 
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 E) Examining the potential impact of regression dilution on the relationship between screen-time 
and BMI change 
In prospective studies where an outcome at follow up is analysed with respect to exposures measured 
at baseline, true associations with ‘usual’ exposure are often underestimated due to regression 
dilution.17,18 This occurs because of measurement error and changes within persons over time in the 
exposure, such that the exposure measured at baseline does not always reflect ‘usual’ exposure.18  
In our case, repeated measurement of the primary outcome (screen-time) was measured the 
following year, at Wave 4, for the majority of participants. We observed substantial within-individual 
variation in reported screen-time across waves of the study (intraclass correlation=0.39, 
95%IC:0.34,0.44 for individual responses in Wave 3 and 4); this indicates that we have likely 
underestimated the association between screen-time and BMI in our sample. 
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 F) Examining potential biases resulting from missing data on BMI 
If a baseline characteristic associated with BMI slope (i.e. sex, age group, Indigenous identification, 
sugar-sweetened beverage consumption, high-fat food consumption, and area-level disadvantage) is 
unbalanced between drop-outs and completers, then our slope estimates could be biased. To address 
this, we have conducted a sensitivity analysis to explore the potential impact of missing data on our 
findings.  
First, we examined characteristics of children who only had baseline data on BMI vs. who contributed 
additional BMI measurements to the final model (i.e. 2-4 BMI measurements in total); see Table S4. 
Children with only one BMI measurement (i.e. the former group) were included in the final model, but 
could not contribute information on how exposures related to within-person changes in BMI over 
time.5 In contrast, children with repeated measurements of BMI could contribute information on how 
exposures related to within-person changes in BMI over time. We did not observe a significant 
difference between these two groups in the mean BMI at baseline, or in any of our exposures variables 
(i.e. exposures included in Table 1 of the manuscript, which encompasses all of the variables in the 
final model). 
Next we wanted to directly test if there were differential rates of drop-out across categories of the 
exposure variables that were associated with BMI in our final model (i.e. sex, age group, Indigenous 
identification, sugar-sweetened beverage consumption, high-fat food consumption, and area-level 
disadvantage). We used multilevel logistic regression, adjusted for geographic area, to calculate odds 
ratios (OR). We calculated unadjusted ORs of children having baseline data on BMI only, vs. having 
repeated measurements (2-4), across categories of these key exposure variables. None of our key 
exposure variables were significantly associated with drop-out (Table S5).  
We did not find any evidence that the missingness of our outcome (repeated measurements of BMI) 
was related to baseline values of the outcome or to any measured exposures; this supports the 
robustness of our primary analysis.5,19 
 
Table S4. Characteristics of LSIC children b BMI measurements included in the final model 
  
  
Total sample included in 
final model [N=887] 
  Number of BMI measurements in final model 
  2-4 [N=787] Baseline only [N=100] 
MEAN BASELINE BMI [95%ci]   15.6 [15.5,15.7]   15.6 [15.6,15.7] 15.4 [15.2,15.7] 
    %     % n % n 
CHILD FACTORS         
Sugar-sweetened beverages         
  ≥2  30.4 (270)  29.5 (232) 38.0 (38) 
  <2  69.6 (617)  70.5 (555) 62.0 (62) 
High-fat foods         
  ≥2  30.9 (274)  30.4 (239) 35.0 (35) 
  <2  69.1 (613)  69.6 (548) 65.0 (65) 
Sex         
  Male  49.5 (439)  49.8 (392) 47.0 (47) 
  Female  50.5 (448)  50.2 (395) 53.0 (53) 
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Total sample included in 
final model [N=887] 
  Number of BMI measurements in final model 
  2-4 [N=787] Baseline only [N=100] 
MEAN BASELINE BMI [95%ci]   15.6 [15.5,15.7]   15.6 [15.6,15.7] 15.4 [15.2,15.7] 
    %     % n % n 
Age group at baseline         
  ≤5 years  62.3 (553)  63.0 (496) 57.0 (57) 
  >5 years  37.7 (334)  37.0 (291) 43.0 (43) 
Indigenous identification         
  Aboriginal  88.2 (782)  88.2 (694) 88.0 (88) 
  Torres Strait Islander  6.7 (59)  6.6 (52) 7.0 (7) 
  Both  5.2 (46)  5.2 (41) 5.0 (5) 
General physical health         
 Poor, fair, or good  23.9 (212)  24.3 (191) 21.0 (21) 
 Very good or excellent  76.1 (675)  75.7 (596) 79.0 (79) 
CARER AND FAMILY FACTORS         
Carer's general physical health         
 Poor, fair, or good  54.9 (486)  53.9 (424) 62.0 (62) 
 Very good or excellent  45.2 (400)  46.1 (362) 38.0 (38) 
Carer's social and emotional wellbeing         
 High distress  15.6 (133)  15.5 (118) 16.7 (15) 
 Low distress  84.4 (720)  84.5 (645) 83.3 (75) 
Financial strain         
  Run out of money  12.6 (111)  12.7 (99) 12.0 (12) 
  Just enough money  49.8 (439)  48.9 (382) 57.0 (57) 
  Can save money  37.6 (332)  38.5 (301) 31.0 (31) 
Went w/out meals in past year         
  Yes  8.3 (73)  7.8 (61) 12.0 (12) 
  No  91.7 (806)  92.2 (718) 88.0 (88) 
Carer's employment         
  Not employed  69.5 (611)  68.7 (536) 75.8 (75) 
  Employed part-time  16.6 (146)  17.3 (135) 11.1 (11) 
  Employed full-time  13.9 (122)  14.0 (109) 13.1 (13) 
Carer's education         
  Less than Year 12  58.9 (483)  59.0 (432) 58.0 (51) 
  Year 12 or beyond  41.1 (337)  41.0 (300) 42.1 (37) 
Number of adults in household         
  1  32.4 (249)  31.5 (214) 39.3 (35) 
  2  56.1 (431)  57.0 (387) 49.4 (44) 
  ≥3  11.5 (88)  11.5 (78) 11.2 (10) 
AREA-LEVEL FACTORS         
Remoteness         
  None  26.4 (234)  27.2 (214) 20.0 (20) 
  Low  49.4 (438)  48.5 (382) 56.0 (56) 
  Moderate  14.1 (125)  14.1 (111) 14.0 (14) 
  High/extreme  10.2 (90)  10.2 (80) 10.0 (10) 
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Total sample included in 
final model [N=887] 
  Number of BMI measurements in final model 
  2-4 [N=787] Baseline only [N=100] 
MEAN BASELINE BMI [95%ci]   15.6 [15.5,15.7]   15.6 [15.6,15.7] 15.4 [15.2,15.7] 
    %     % n % n 
Area-level disadvantage         
  Most advantaged  18.6 (165)  18.7 (147) 18.0 (18) 
  Middle advantage  60.8 (539)  60.2 (474) 65.0 (65) 
  Most disadvantaged  20.6 (183)  21.1 (166) 17.0 (17) 
Safe community         
  No (not so safe or really bad)  14.4 (122)  14.1 (106) 16.8 (16) 
  Yes (okay, safe, or very safe)  85.6 (724)  85.9 (645) 83.2 (79) 
Places to play         
  No (not many or none)  27.3 (231)  26.4 (198) 34.7 (33) 
  Yes (some, a few, or lots)   72.7 (615)   73.6 (553) 65.3 (62) 
*Significant association between exposure and number of BMI measurements included in the final model (p-value for 
Pearson χ2 <0.05). 
 
Table S5. Odds ratios of children having only baseline data on BMI (vs. 2-4 BMI measurements) across key exposures 
  
Odds of having only 
baseline data on BMI 
(vs. 2-4 BMI measurements)  
EXPOSURE OR 95%CI 
Sex   
  Male 1.00 [ref] 
  Female 1.04 [0.7,1.6] 
Age group at baseline   
  ≤5 years 1.00 [ref] 
  >5 years 1.40 [0.9,2.2] 
Indigenous identification   
  Aboriginal 1.00 [ref] 
  Torres Strait Islander 1.02 [0.4,2.6] 
  Both 0.88 [0.3,2.4] 
Sugar-sweetened beverages   
  ≥2 1.00 [ref] 
  <2 0.68 [0.4,1.1] 
High-fat foods   
  ≥2 1.00 [ref] 
  <2 0.71 [0.4,1.1] 
Area-level disadvantage   
  Most advantaged 1.00 [ref] 
  Middle advantage 1.13 [0.58,2.20] 
  Most disadvantaged 0.83 [0.36,1.87] 
N=887 children. All exposures measured at baseline. Models adjusted for geographic clustering only.  
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 Supplementary File 3. Distribution of baseline BMI by BMI category at Wave 6 
It is important to note that even a small increase in BMI from one wave to the next could tip a child 
from normal BMI to overweight if the child’s baseline BMI was at the high end of the normal range. 
Further, the development of overweight/obesity between age ≤5 and >5 years could be an artefact of 
the different cut-off points to define overweight/obesity for younger vs. older children. This supports 
our focus on a continuous measure of BMI change, rather than a binary indicator of the development 
of overweight/obesity. 
The World Health Organization defines BMI categories using BMI z-scores, standardised for age and 
sex based on cross-sectional and longitudinal data from an international sample.20 For children ≤5 
years of age, overweight is defined as a BMI z-score >2 and ≤3, and obesity is defined as a BMI z-score 
>3. For children between 5 and 19 years of age, overweight is defined as a BMI z-score >2 and ≤3, and 
obesity is defined as a BMI z-score >2.21,22 
Figure S3 shows the distribution of BMI (kg/m2) and BMI z-scores at baseline for children aged ≤5 and 
>5 years who were classified as having a normal BMI. This demonstrates that, at baseline, younger vs. 
older children are classified as having a normal BMI at higher levels of BMI than older children. Figure 
S4 shows the distribution of BMI z-scores for children aged ≤5 and >5 years by their BMI category at 
Wave 6. Within the younger group, there are n=125 children in total who are overweight or obese at 
Wave 6; of these, n=55 had a baseline BMI z-score between 1 and 2, which is categorised as normal 
BMI for children ≤5 years of age, but categorised as overweight for children >5 years of age. 
Thus, the difference in cut-off points used to define overweight and obesity may partially explain the 
higher incidence of overweight/obesity between Wave 3 and Wave 6 for children ≤5 vs. >5 years who 
had normal BMI at baseline.  
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 Figure S3. Distribution of BMI and BMI z-score at baseline, by age group, in the sample with normal baseline BMI 
The sample includes children who were in the normal category of BMI at baseline.  
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Figure S4. Distribution of BMI z-score at baseline, by BMI category at Wave 6, and age group at baseline  
The sample includes children who were in the normal category of BMI at baseline. The younger group includes children ≤5 
years at baseline; the older group includes children >5 years at baseline. 
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Supplementary File 4. Distribution of BMI by area-level disadvantage 
Figure S5. Distribution of BMI categories across waves of LSIC, by area-level disadvantage 
 
The sample includes all children with BMI data recorded; it is not restricted to children with normal BMI at baseline. 
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APPENDIX 4. Supporting information for 
Chapter 8 
Additional material provided by the authors to supplement Paper 6, published online at: 
http://ahha.asn.au/publication/issue-briefs/overweight-and-obesity-among-indigenous-
children-individual-and-social 
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Social determinants of sugar-sweetened beverage consumption in the 
Longitudinal Study of Indigenous Children 
Supporting information 
An Issues Brief, describing individual and social determinants of overweight and obesity among 
Indigenous children, is included as supporting information to Chapter 8 (reference: Thurber KA, Boxall 
A-m, Partel K. Overweight and obesity among Indigenous children: individual and social determinants. 
Canberra:   Deeble Institute; 2014). This Issues Brief was developed alongside the paper included as 
Chapter 8; the two are companion pieces, tailored for different audiences. The manuscript included 
in the thesis focuses on the data analysis methods and results, and the Issues Brief focuses on the 
broader context and policy implications of the findings.  
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Executive 
summary 
 
What is the problem?  
Obesity rates are higher among Indigenous, compared to non-Indigenous, 
Australians, and this problem begins in early childhood. If this trend of 
increasing obesity among Indigenous children continues, there will be a 
corresponding negative impact on health, and the gap in life expectancy will 
widen, not close. 
Childhood is a critical life stage, and early intervention strategies can reap a 
lifetime of rewards. Childhood obesity prevention programs have 
predominantly targeted individual behaviours (such as physical inactivity and 
unhealthy diet) and have been unsuccessful to date. The approach needs to 
shift to addressing social and economic factors, rather than individual 
behaviours in isolation. 
Why is it relevant to policymakers? 
In February 2014, Prime Minister Tony Abbott acknowledged that progress 
against the Closing the Gap targets was disappointing and that a change of 
direction was needed. This should encompass a shift in focus away from 
individual factors and onto social and economic factors.  
As an example of relevance to state and territory policymakers, the ACT Chief 
Minister and Minister for Health Katy Gallagher has called for obesity 
prevention efforts to move beyond the health portfolio, towards a 
coordinated effort across all arms of government. This requires action on the 
food environment, schools, workplaces, urban planning and social inclusion. 
As part of her plan, Gallagher recently announced a ban on soft drinks in 
public schools in the ACT. 
What does the evidence say? 
To date, there has been a limited evidence base to guide the development of 
programs and policies for obesity prevention among Indigenous children. It 
has been recognised that social and economic factors are important, but 
empirical evidence is required to quantify the relative contribution of these 
factors and to work out which factors are the most important ones to target 
first.  
Data from the Longitudinal Study of Indigenous Children (LSIC), a national 
study managed by the Australian Government Department of Social Services, 
show that individual choices are strongly influenced by the broader context. 
In 2011, Indigenous children experiencing disadvantage at both the individual 
and the neighbourhood level consumed significantly more soft drink than 
more advantaged Indigenous children in the survey. Maternal education, 
housing stability, urbanisation and neighbourhood disadvantage are 
important factors affecting Indigenous children’s soft drink consumption, and 
therefore risk of obesity.  
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What should policymakers do? 
If programs are to change the health behaviours and health outcomes of 
Indigenous children successfully, they must address social and economic 
factors—the context in which individual choices are made. Factors 
influencing obesity are not confined to the health portfolio; policy 
development should occur across portfolios including housing, education, 
employment, social welfare and community development.  
The broader benefits of such programs should be considered when weighing 
the cost. Research conducted at the National Centre for Social and Economic 
Modelling, University of Canberra, estimated that if Australia were to adopt 
the recommendations of the WHO Commission on Social Determinants of 
Health report "Closing the gap within a generation", half a million Australians 
could avoid suffering a chronic disease; 170,000 more Australians could enter 
the workforce (generating earnings of $8 billion); and $4 billion in redundant 
welfare support payments would be saved. The implications for the wellbeing 
of Indigenous Australians, and for health equity, have not been calculated, 
but are undoubtedly considerable. 
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Introduction 
 
What is the problem? 
 
Aboriginal and Torres Strait Islander Australians experience a disproportionate burden of 
morbidity and mortality compared to non-Indigenous Australians, epitomised by the 10 year 
gap in average life expectancy.1-3 Obesity is a major contributor to this gap, and it is a 
problem that begins in early childhood.4 In 2012–2013, for example, nearly one-third of 
Aboriginal and Torres Strait Islander children between 2 and 14 years of age were estimated 
to be overweight or obese. By the time children were aged 15 or over, about 66 per cent 
were overweight or obese.5 Rates for both age groups are much higher than those observed 
in the non-Indigenous population. 
 
The excess burden of overweight and obesity in the Indigenous population is thought to 
reduce the average Indigenous life expectancy by between one and three years, accounting 
for between nine per cent and 17 per cent of the total gap in between Indigenous and non-
Indigenous Australians.4 Rising rates of childhood obesity are linked to the observed 
increase in type 2 diabetes among Indigenous Australian children,6, 7 a condition that is 
estimated to decrease a child’s life expectancy by up to 27 years.8 If this trend of increasing 
obesity and chronic disease among Indigenous children continues, the gap in life expectancy 
is set to widen, not to close. 
 
Being overweight or obese has physiological, social and emotional impacts throughout life, 
as well as significant economic consequences for individuals and the community (including 
the cost of lost productivity and increased health care costs).9 The best time to try and 
prevent people from becoming overweight or obese is in early childhood.10 There are two 
reasons why this is so. First, health risk behaviours and weight status tend to be fairly stable 
throughout life.10-13 Encouraging healthy weight during childhood can set children off on a 
healthy trajectory and reduce their chances of developing major health problems later in 
life. Second, early childhood is a critical period for physiological, psychological and social 
development,14-18 so stopping young children from becoming overweight or obese can 
improve their social and emotional wellbeing throughout life. Intervening early, therefore, is 
one of the best ways to progress efforts to Close the Gap. 
 
The need for a new approach to tackle childhood obesity 
 
The current approach 
Overweight and obesity are caused by complex, interacting factors including genetics, 
metabolism, behaviours, socioeconomic status, environment and culture.9, 19 However, most 
obesity prevention programs across the world ignore socioeconomic, environmental and 
cultural factors (referred to throughout this issue brief as social and economic factors) and 
instead exclusively target individual health behaviours such as physical inactivity and poor 
nutrition.20 
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There is no doubt that diet and other individual health behaviours influence childhood 
weight status. However, social and economic factors have a strong bearing on these health 
behaviours. In developed countries, levels of obesity and related risk behaviours (for 
example physical inactivity and poor diet16) are much higher amongst disadvantaged 
population groups.21-23 There are many social and economic barriers that make it difficult for 
these disadvantaged groups to modify their behaviour and reduce their risk of becoming 
overweight or obese. They include insecure housing, poor education, low income and 
unemployment.4, 24, 25 
 
Individuals (especially children) tend to favour food that is promoted through marketing and 
advertising. The most heavily marketed foods tend to be those that are the least healthy. An 
Australian study showed that soft drinks were the most common food product to be 
advertised near primary schools.26 Additionally, children are likely to purchase food that is 
cheap and readily available, and often this food is unhealthy. Because of obesity’s strong 
relationship with social and economic factors, it makes no sense to run obesity prevention 
programs that focus exclusively on the individual.9, 14 
 
Why do we need a new approach? 
Internationally, interventions to prevent child obesity have not consistently been found to 
be effective.11, 27 In Indigenous communities, health experts have tried approaches that 
promote positive health behaviours (such as increasing fruit and vegetable intake), but they 
too have had limited success. Very few programs, however, have been rigorously evaluated, 
making it difficult to work out how to improve programs in the future.28 
 
In a comprehensive 2012 review of healthy lifestyle programs for Indigenous Australians, 
researchers found four programs where there were some short-term health benefits: 
 
• the Minjilang Health and Nutrition Project (Northern Territory; 1989-199029), 
• a community based program in four remote Western Australia Aboriginal 
communities (implemented in 200230), 
• the Gutbusters project (Torres Strait region; implemented in 199131) and 
• the Looma Healthy Lifestyle Project (Western Australia; initiated in 1993 and still 
ongoing). 
 
One of the key findings from the review was that ‘programs that operate in isolation from, 
or do not address, broader structural issues such as poverty and lack of access to a healthy 
food supply’ do not work in the Indigenous context.28 p. 1 The Looma Healthy Lifestyle Project 
was noted as an exemplary program, demonstrating both significant health improvements 
and long-term sustainability.32 The success of this program has been attributed to its broad 
approach. Critical program components include the employment of a store manager 
committed to improving food supply and the implementation of council policies to improve 
food availability and physical activity.28 To make sustained changes to the health of 
Indigenous people, the context (including food accessibility, availability and affordability) 
must be addressed. 
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What is a ‘social determinants of health’ approach? 
Social and economic factors influence the health of all Australians. However, their impact is 
more notable on Indigenous Australians because, overall, they experience greater 
disadvantage.25 Indigenous socioeconomic disadvantage was estimated to be the largest 
contributor to the health gap from 1986-2005, accounting for one-third to one-half of the 
overall gap in life expectancy between Indigenous and non-Indigenous Australians.4 
 
For both Indigenous and non-Indigenous Australians, there is a strong link between being 
overweight or obese, having an unhealthy diet (low intake of fruits and vegetables and high 
intake of sugar-sweetened beverages and processed foods) and developing chronic 
diseases.5, 33 Improving the diet of Indigenous Australians, therefore, is one important way 
to improve their health status. According to the Strategic Inter-Governmental Nutrition 
Alliance and the National Vegetables and Fruit Coalition, if everyone in Australia increased 
their daily fruit intake by just 80 grams—the equivalent of an apple per day—spending on 
cardiovascular disease would be reduced by nearly $160 million every year.34 The benefits 
for the Indigenous population would be enormous, given the low rates of fruit intake and 
the elevated rates of cardiovascular disease.35 
 
Unfortunately, redressing the high rates of overweight and obesity among Indigenous 
Australians will take more than just preaching, ‘another apple a day’. Dietary intake is 
influenced by factors including education, housing, income and the local food supply. For 
example, these factors influence a person’s capacity to understand and apply knowledge 
about nutrition,40, 41 to store and cook food,36 and to afford healthy food options. These 
factors determine food security: the ability to regularly and reliably acquire appropriate and 
nutritious foods.37 
 
Paradoxically, food insecurity increases the risk of becoming overweight and obese.37 This is 
largely because healthy food tends to be more expensive than unhealthy food. If food is 
hard to come by, there is a higher risk of consuming energy-dense, nutrient-poor foods—
such as sugar-sweetened beverages and processed foods—instead of fruits and vegetables 
(see Figure 1 on the following page).22, 33, 37-39 
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Figure 1: The relative cost of healthy foods versus unhealthy foods in a remote Aboriginal 
community store
 
Source: Brimblecombe JK, O'Dea K. Med J Aust 2009; 190(10): 549-51 
 
Figure 1 shows the relationship between the energy cost and energy density of foods sold in 
a remote Aboriginal community store.39 Energy cost is a measure of the food’s price (in 
dollars) for the amount of energy (in mega joules) it provides. Energy density is a measure of 
the energy (in mega joules) contained in the food for its weight (in kilograms). Foods that 
are low in ‘energy cost’ provide the most energy per dollar spent, and foods that are high in 
‘energy density’ provide the most energy per amount of food. 
 
The cheapest way to fill up your child is therefore to purchase foods low in energy cost and 
high in energy density. Foods that are high in energy density tend to be high in sugars and 
fats, and therefore unhealthy. By contrast, foods that are low in energy density tend to be 
high in nutrients and in water content, and therefore healthy. Unfortunately, these healthy 
foods (low in energy density) tend to have a high energy cost, while the unhealthy foods 
(high in energy density) tend to have a low energy cost. This relationship between energy 
cost and energy density contributes to the link between low socioeconomic status and 
unhealthy diet. 
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The cost of a healthy diet is higher than the cost of an unhealthy diet in all areas, but the 
discrepancy in cost is greatest within the most disadvantaged areas.40 This means that while 
a healthy diet is often unaffordable for low income individuals, the unaffordability is 
amplified for low income individuals living in disadvantaged areas.40 Indigenous Australians 
are disproportionately affected by this ‘deprivation amplification’.41 Although there is wide 
variation between communities, Indigenous Australians on average have lower 
socioeconomic status and live in more disadvantaged areas than non-Indigenous 
Australians. This contributes to a higher rate of food insecurity for this group. 
 
To illustrate, nearly a quarter of Indigenous Australians aged 15 years or over reported 
running out of food in 2004–2005,42 compared to only five per cent of non-Indigenous 
Australians. Food insecurity among Indigenous people was much more common in remote 
areas (36%), but remained strikingly high in urban areas (20%).42 When individuals are 
disadvantaged because they have low socioeconomic status (individual-level disadvantage) 
and they live in disadvantaged areas (neighbourhood-level disadvantage), they often cannot 
purchase healthy foods, and this means that they are likely to have unhealthy dietary 
behaviours.43 
 
For Indigenous Australians, it is particularly important to consider the effect of remoteness 
on health behaviours. In many remote areas, the community store is the only local food 
outlet. These stores often rely on an imported food supply which is vulnerable to disruption 
because of weather and transport-related problems. Many stores also have limited storage 
capacity, so they prefer to stock non-perishable foods.44 As a result, food prices tend to be 
high and choices limited. Within the Northern Territory, for example, the cost of a standard 
food basket is 45 per cent higher in remote communities than it is in the capital, Darwin.33 
Fresh healthy foods, if available, may be prohibitively expensive, which encourages people 
to consume cheap processed foods.33, 45 
 
In urban settings, the conventional risk factors such as low income and poor access to 
healthy foods also make it difficult for people to purchase and eat healthy food options. In 
addition, these factors interplay with issues relating to transport, busy lifestyles, abundance 
of fast food restaurants, budgeting and culture (such as racism and relationship to 
mainstream society).37, 46 
 
Having ready access to affordable, healthy food options is just one way in which social and 
economic factors impact on weight status, and health more broadly.38 The impact of these 
factors is particularly prominent in early childhood, shaping a child’s foundation and long-
term trajectory, providing further incentive to develop interventions for early childhood.17, 
37, 47 
 
What is the policy context? 
 
Childhood obesity is an important policy issue for Australia. This is demonstrated at the 
state and territory level by the ACT Government’s investment of $2.2 million in Healthy 
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Canberra Grants to fund programs targeting childhood obesity,48 recently accompanied by a 
ban on soft drinks within ACT public schools.49 These actions have arisen from the ACT 
Government’s Towards Zero Growth: Healthy Weight Action Plan, which aims to keep the 
rates of overweight and obesity at or below current levels. This plan does not explicitly state 
a focus on Indigenous children, but it acknowledges the importance of targeting low income 
areas and those from culturally diverse backgrounds. This plan calls for action across 
portfolios to improve physical activity and diet; focus areas include the food environment, 
schools, workplaces, urban planning, social inclusion and evaluation.50 
 
Taking a broader approach to combating obesity is consistent with international, national 
and Indigenous-specific directives. Internationally there has been growing attention on the 
social and economic determinants of health, brought into sharp focus by the burgeoning 
obesity epidemic.51 The World Health Organisation (WHO) established a Commission on 
Social Determinants of Health in 2005,52 which released a set of recommendations in their 
final report, encouraging countries to take on a social policy approach to achieve health 
equity. The overarching recommendations included improving daily living conditions (with a 
strong emphasis on early childhood development); tackling the inequitable distribution of 
power, money and resources; and measuring and understanding the problem of healthy 
inequity.18 
 
Research conducted at the National Centre for Social and Economic Modelling, University of 
Canberra, estimated that if Australia were to adopt the recommendations of the WHO 
Report:  
 
• half a million Australians could avoid suffering a chronic disease; 
• 170,000 more Australians could enter the workforce (generating earnings of $8 
billion); and 
• $4 billion in redundant welfare support payments would be saved.53 
 
In addition to this, every year, 60,000 hospital admissions would be averted (saving 
hospitals $2.3 billion), 5.5 million Medicare services would be no longer required (saving 
$273 million) and 5.3 million Pharmaceutical Benefit Scheme scripts would not be filled 
(saving $184.5 million). The implications for the wellbeing of Indigenous Australians, and for 
health equity, have not been calculated, but are undoubtedly striking. 
 
Despite the enormous potential for benefit, a Senate Community Affairs Committee inquiry 
in March 2013 found that the Australian Government had not made any formal action in 
response to the 2008 WHO Commission report.54 The Department of Health, for example, 
mentioned the social determinants of health only once in its 2010–2011 and 2011–2012 
Annual Reports.54 While the Australian Government has made significant financial 
investments in Indigenous health,55, 56 some critics argue that insufficient funding has been 
allocated specifically to address the social determinants of health.14, 57 
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The Australian Government’s recently published 2013–2023 National Aboriginal and Torres 
Strait Islander Health Plan provides a strong impetus to act upon the WHO’s 
recommendation to take seriously the social determinants of health. The plan, developed in 
partnership with Aboriginal and Torres Strait Islander people, advocates using a systems-
level, environmental approach to tackle health disadvantage, and suggests focusing on child 
development as an important way of making advances.58 Considering the context, rather 
than individual behaviours in isolation, is particularly important for Indigenous health 
research. This approach falls in line with Indigenous holistic views of health, which 
incorporate the social, emotional and cultural wellbeing of the whole community.58 The plan 
states that the Australian Government will develop implementation plans, which:  
 
… acknowledge that investments outside of the health system, such as in education, housing 
and employment, offer great returns on health outcomes. This requires a two-tiered 
approach of good policy and programs in health services and policy, and interventions in 
other sectors related to the social determinants of health.58(p13) 
 
This sentiment was echoed in Prime Minister Tony Abbott’s Closing the Gap report to 
Parliament on 12 February 201459 Abbott stated that progress against the Closing the Gap 
targets was disappointing, and that a change of direction was needed. He said, ‘For the gap 
to close we must get kids to school, adults to work and the ordinary law of the land 
observed. Everything flows from meeting these three objectives’.59 p. 1 Achieving these 
objectives requires addressing some of the social determinants of health. Recent 
government actions have suggested a shift towards this broad approach: the 
implementation of the Remote School Attendance Strategy in 40 communities ($28.4 
million), a review of employment and training programs, the accelerated implementation of 
a Vocational Training and Employment Centres training model (up to $45 million) and the 
design of the Empowered Communities initiative ($5 million).59 These actions are promising 
and may also contribute to sustainable improvement in the weight status of Indigenous 
children.  
 
Implications 
 
What actions are needed? 
If the epidemic of overweight and obesity among Indigenous children is to be curbed, 
policymakers need to begin addressing the social and economic context in which people live 
because: 
 
• programs and policies targeting only individual behaviours have not been 
effective or sustainable;11, 14, 60 
• there is clear evidence that the environment shapes health risk behaviours;60, 
61 and, 
• there is an international and national impetus to act on this evidence and 
adopt an environmental approach.27, 47, 52, 54, 58 
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Why isn’t action being taken? 
Australia’s inaction on the social determinants of health has often been attributed to the 
lack of appropriate data and lack of capability to do the necessary data analysis.14, 43, 54, 62 
Without adequate data, it is difficult to quantify the relative contribution of individual and 
social and economic factors, and to work out which are the most important ones to target. 
Data analysis is indeed complicated, given the tangled causal pathways and complex 
associations between various factors.14, 54 The lack of empirical evidence has been a major 
stumbling block for developing policies that might address the social and economic factors 
contributing to the high rates of overweight and obesity in Indigenous children. 
 
Although better data are needed to inform policymaking in this area, the Longitudinal Study 
of Indigenous Children (LSIC), managed by the Australian Government Department of Social 
Services, is one source of relevant data that, to date, has not been fully explored.63 Because 
the dataset can be used to quantify the relationship between social and economic factors 
and health outcomes, it is useful for making decisions on how best to tackle obesity in 
Indigenous children. 
 
As an example of the power of this dataset, this issue brief presents a simple analysis 
investigating social and economic factors associated with one health risk behaviour in 
Indigenous children across Australia. This represents just one of many associations that can 
be explored using these data. Future research will examine additional social and economic 
factors and health behaviours, and their direct impact on health outcomes. The analysis 
outlined in this issue brief shows that data are available to garner evidence about social and 
economic risk factors for overweight and obesity in Indigenous children, and that the data 
analysis is robust enough to inform the evidence base for policy development in this area. 
 
Methods 
 
Longitudinal Study of Indigenous Children 
 
The Longitudinal Study of Indigenous Children (LSIC), developed in partnership with 
Indigenous leaders and communities, is the first national longitudinal study on Indigenous 
Australian children. Participating children were sampled from 11 diverse sites across 
Australia, from Galiwin’ku in the Northern Territory to Western Sydney,64 using information 
provided by Centrelink and Medicare Australia.65 The study includes up to 1,759 Aboriginal 
and Torres Strait Islander children, representing five to 10 per cent of the Indigenous 
population of that age. At the time of the fourth survey, in 2011, children were between 
three and nine years of age. 
 
Data collection for this publicly available dataset will remain ongoing as long as the funding 
and sample retention allow.63 LSIC survey topics include the physical, social and emotional 
wellbeing of children and their carers, personal characteristics, education, culture, 
household environment and the neighbourhood environment. 
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Case study 
 
There are thousands of social and economic factors that could influence health 
behaviours,51 and there are hundreds of these variables collected in LSIC. This case study 
examines just one variable—the consumption of sugar-sweetened beverages, including soft 
drinks, cordial and sports drinks. This category of beverages will be described as ‘soft drinks’ 
for the remainder of this issue brief. This study looks at the association between soft drink 
consumption and a broad range of social and economic factors in Indigenous children. We 
hypothesise that these social and economic factors will influence children’s dietary 
behaviour, demonstrating the importance of the context in shaping individual behaviour. 
 
Soft drink consumption was chosen as the dietary behaviour of interest for several reasons: 
 
• There is a demonstrated link between soft drink consumption and weight status in 
children,66 as well as other health outcomes such as dental caries;67-69 
• Extremely high rates of soft drink consumption have been recorded within 
Indigenous communities;33, 70-72 
• There is a sparse amount of research examining factors associated with soft drink 
consumption,43, 73 and a complete absence of research within the Indigenous 
population.74 
 
Why do children consume soft drinks? 
 
It has been suggested that consuming a serving of soft drink daily increases the risk of 
obesity by 60 per cent.66 Australia is among the top ten countries worldwide for soft drink 
consumption, and Indigenous children have been found to consume significantly higher 
quantities of soft drink than non-Indigenous children.66 There is no evidence to date on how 
social and economic factors contribute to soft drink consumption among Indigenous 
Australian children, making it difficult to develop evidence-based policy.43, 66, 73 
 
The limited information available on the association between social and economic factors 
and soft drink consumption in non-Indigenous populations may not be appropriate for the 
Indigenous context.74-76 For programs and policies to effectively decrease the consumption 
of soft drink by Indigenous children, research into a broad range of social and economic 
factors, specifically those that are meaningful to Indigenous people,75 is required. 
 
Data analysis 
 
As a first step, preliminary descriptive analyses were conducted to examine the association 
between soft drink consumption and a range of social and economic variables. These were 
selected through a literature review and consideration of the measures available in the LSIC 
dataset. As conventional measures of socioeconomic status may not accurately reflect social 
positioning within Indigenous communities, multiple measures of socioeconomic status 
were included.75 
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In the 2011 LSIC survey, data were collected on 1,282 children. Twenty-eight per cent of 
LSIC children lived in urban areas, 48 per cent in low isolation areas, 15 per cent in 
moderately isolated areas and 10 per cent in remote areas. Of the primary carers (usually 
the child’s mother) interviewed, 64 per cent were unemployed and 43 per cent had not 
achieved educational qualifications past Year 10. Around 41 per cent of families reported a 
lack of housing stability in the previous year. 
 
The majority of LSIC children (79%) were in the healthy weight range in 2011, with nine per 
cent overweight and seven per cent obese according to WHO standards.77 According to the 
primary carer’s recall, over half (51%) of LSIC children consumed soft drink the day prior to 
the interview. Children’s dietary behaviours were linked, with those consuming soft drink 
significantly more likely to consume high-fat foods and less likely to consume fruit. 
 
The descriptive analyses, adjusting for age and gender only, demonstrated the impact of 
culture, housing, remoteness, area-level disadvantage, parental education and parental 
employment on this health behaviour. The probability of soft drink consumption was 
significantly higher among children who identified as Aboriginal rather than Torres Strait 
Islander, who were not taught traditional practices, who had experienced housing 
instability, who lived in more urban areas, who lived in disadvantaged areas, and whose 
primary carers had lower levels of education and were not employed.  
 
The combined impact of these variables was explored using multilevel logistic regression. 
Multilevel analysis enables investigation of variation in soft drink consumption between 
individuals and between neighbourhoods. To identify neighbourhood effects in this study, 
children are grouped together based upon the Indigenous Area (a measure of small 
geographic areas created by the Australian Bureau of Statistics) in which they live. A logistic 
model was used because the outcome variable is binary (consumed soft drink or did not 
consume soft drink). The model was created using a number of steps, with only significant 
variables maintained in each sequential model. 
 
Results 
 
The results of the final multilevel model show that individual behaviours are strongly 
influenced by the broader context. Soft drink consumption was increased for children 
experiencing disadvantage at both the individual and neighbourhood level. The odds of 
consuming soft drinks were significantly higher for children whose primary carers had lower 
levels of education and for children who experienced housing instability (see Table 1). The 
odds of consuming soft drinks were two to three times higher for children living in more 
urban areas compared to children living in remote areas. Additionally, neighbourhood 
disadvantage (as measured by the Index of Relative Indigenous Socioeconomic Outcomes) 
was a significant predictor of sugar-sweetened beverage consumption. For children of 
similar background (the same age, gender, level of maternal education, housing security and 
remoteness), the odds of consuming soft drinks were 150 per cent higher for children living 
in the most disadvantaged areas, compared to the most advantaged ones. 
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These findings confirm the impact of social and economic factors on children’s soft drink 
consumption, providing quantitative evidence of the importance of context in shaping 
individual behaviour. Neighbourhood disadvantage, remoteness, housing stability and 
education of the primary carer are important factors affecting soft drink consumption, and 
therefore weight status, for Indigenous children. Interestingly, household income, as 
measured by several indicators, was not a significant predictor of soft drink consumption 
across all areas. This may indicate that income does not influence soft drink consumption 
beyond its impact on parental education and housing, or that different measures of 
household socioeconomic status might be more relevant in this context. 
 
Programs targeting individual behaviours alone are unlikely to bring about sustained change 
to diet and weight status among Indigenous children. A broader approach that addresses 
social and economic factors—the context in which individual choices are made—is 
required.14, 54 
 
Table 1: Results of the final model 
 Number of children in each category 
Odds ratio of consuming soft drink, 
compared to reference group 
(95% confidence interval) 
Education of primary carer 
Past Year 10 670 (57%) 1.00 (reference group) 
Year 10 or less 503 (43%) 1.64 (1.27, 2.12)* 
Housing instability 
No 692 (59%) 1.00 (reference group) 
Yes 481 (41%) 1.34 (1.04, 1.73)* 
Level of Relative Isolation (index of remoteness) 
High/extreme isolation 
(remote and very remote) 106 (9%) 1.00 (reference group) 
Moderate isolation 166 (15%) 1.63 (0.80, 3.33) 
Low isolation 566 (48%) 3.56 (1.81, 7.03)* 
No isolation (urban) 335 (29%) 3.14 (1.53, 6.49)* 
Area-level disadvantage 
Most advantaged 222 (19%) 1.00 (reference group) 
Mid-advantaged 715 (61%) 1.60 (1.03, 2.50)* 
Most disadvantaged  236 (20%) 2.52 (1.36, 4.66)* 
* Indicates significant difference from reference group 
^ Odds represent the probability of consuming soft drink divided by the probability of not consuming soft 
drink. The odds ratios displayed in the table represent the odds of consuming soft drink in one group, 
compared to the odds for the reference group. A larger odds ratio indicates that there is a larger difference in 
the odds between the two groups. There is always uncertainty in the calculation of these values; there is a 95% 
chance that the confidence interval displayed in brackets includes the true value for the odds ratio. 
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Discussion 
 
Although soft drink consumption is an individual choice, this study shows a strong social and 
economic pattern for this behaviour.78 This case study demonstrates the importance of 
addressing broader issues such as housing and education if programs are to successfully 
change health behaviours and outcomes. 
 
The analysis demonstrated differences in soft drink consumption between communities 
across the spectrum of remoteness. These differences are attributable to differences in 
culture, societal norms, food availability and accessibility, among other factors. The 
increased odds of consuming soft drink in urban, compared to remote, areas does not 
indicate that soft drink consumption is not an issue in remote areas. Soft drink consumption 
was still high among children in remote areas, as previously described in the literature.33, 70-
72 However, this analysis uncovers a high level of soft drink consumption among Indigenous 
children within more urban areas. This is consistent with the increasing prominence of 
urban food security as a global health concern.40 With the continuing urbanisation of the 
Indigenous population, this is important to address.79 Further, given the strength of the 
association observed between area-level disadvantage and soft drink consumption, 
policymakers should start by targeting the most disadvantaged areas. 
 
Although the evidence base is limited, it is important that new programs build upon existing 
ones that have demonstrated some degree of success and acceptability within Indigenous 
communities. While there is very little in the way of formal evaluations for many of these 
programs,80 there are some exemplars that can be used to guide policy development. Some 
examples are listed below, but more research is required to improve the programs 
implemented across the country. 
 
Promising programs 
 
Programs addressing multiple determinants have demonstrated the potential for success. A 
program implemented by the Bulgarr Ngaru Medical Aboriginal Corporation offered families 
subsidised fruit and vegetables, health checks and nutrition education sessions.81 This 
program was successfully expanded to two other Aboriginal health services, suggesting that 
this is a reproducible program that can be operated through Aboriginal community-
controlled health services in regional communities. 
 
The Stores Healthy Options Project in the Northern Territory is an exemplar project that 
could be expanded across remote communities. The project (a stepped wedge, randomised 
trial) is currently being implemented in 20 communities.35 The program addresses multiple 
determinants of food insecurity by instituting price discounts alongside nutrition education. 
The study has an in-built evaluation process, enabling the prompt assessment of program 
impact and cost-effectiveness. This study design will create the highest level of evidence to 
inform policy for Indigenous Australians in remote communities. 
 
225
 15  
The Eat Well Be Active community program has demonstrated success in an urban and a 
rural community.82 Although this program was not specifically focused on Indigenous 
children, an evaluation of Aboriginal participants found that it was considered acceptable, 
with positive impacts.80 In order for mainstream programs to be successfully translated to 
Indigenous communities, it is necessary to develop relationships with local Aboriginal staff 
and community members and to gather feedback throughout all stages of project 
development and implementation.80 This program, and its guiding principles, should be used 
as a model for expansion to urban and regional Aboriginal communities across Australia. 
 
Although limited in empirical evidence, sports and recreation programs also offer a 
promising avenue for obesity prevention,60, 83 with nearly a third of Indigenous people 
participating in sport.83 Successful sporting programs encourage physical activity in a fun, 
culturally relevant, community-based way, and link to other services such as health checks 
or educational development. Sustainable programs often require investment in 
infrastructure for physical activity and improved community safety.60, 83 The primary aims of 
these programs may vary, but all programs encourage health behaviours (physical activity 
and healthy diet) which promote healthy childhood weight while addressing broader 
factors. The Indigenous Marathon Project is a successful model, recruiting Indigenous 
people from across Australia to participate in a marathon training program while 
undertaking a Certificate IV in Health and Leisure with a focus on Indigenous Healthy 
Lifestyle.84 As well as improving the nutrition awareness of the participants themselves, they 
are empowered to share their knowledge with their community, promoting health and 
exercise initiatives such as the Deadly Fun Run Series.85 
 
Conclusion 
 
Childhood overweight and obesity is a significant problem for Indigenous children, and could 
lead to a widening of the Gap if prevention efforts are not improved. Despite the identified 
health and economic gains which can be achieved using a social determinants of health 
approach, Australia has yet to embed such thinking in health policy. The analysis of LSIC 
presented in this issue brief provides more evidence on why it is important to address the 
social and economic factors underpinning individual health behaviours, and thereby 
influencing the risk of overweight and obesity. Because the range of social and economic 
factors is not confined to the health portfolio, policy development should occur across 
portfolios, including housing, education, employment, social welfare and community 
development.14, 23, 54, 61, 75 
 
The impact of the recent ban of soft drinks in ACT public schools on children’s soft drink 
consumption and weight status should be evaluated. If proven successful, this approach 
could be expanded to other settings across Australia, particularly in disadvantaged urban 
areas. However, this policy in isolation will not solve the epidemic of childhood obesity for 
Indigenous children. The decreased accessibility of unhealthy foods should occur in parallel 
with the increased accessibility of healthy behaviours and foods. This requires actions 
addressing poverty, education, unemployment and housing, as these factors all shape a 
child’s ability to engage in healthy behaviours. 
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Although there is limited evaluation of programs that address social and economic factors, 
there are some examples of effective programs, and enough evidence to guide program 
development. Where programs are working well, the principles underpinning them should 
be used to design larger ones. Before expanding programs to different settings, however, it 
is critical to ensure that the programs are transferable.86 New programs to tackle 
overweight and obesity in Indigenous children need to be founded on strong relationships 
with the community, and tailored to meet local needs and priorities.80 Tailoring programs to 
local factors will make it much more complicated to roll out programs, however the 
potential benefits of successfully reducing the problem of overweight and obesity among 
Indigenous children are large, and should be considered when weighing the cost of these 
approaches.69 
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Chapter 9 
Additional material provided by the authors to supplement Paper 7, published online at: 
https://www.cambridge.org/core/journals/public-health-nutrition/article/div-
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study-of-indigenous-children-a-mixed-methods-
approachdiv/736D9B7628155764FDE68D4D030F8B4A#fndtn-supplementary-materials 
 
 
 
234
Understanding barriers to fruit and vegetable intake in the Australian Longitudinal 
Study of Indigenous Children: A mixed methods approach 
Supporting information 
Supplementary File 1 provides additional details on exposure variables. Supplementary File 2 provides detail 
on the approach to validating that our outcome variable was reflected low fruit and vegetable intake by 
children. Supplementary File 3 presents the relationship between exposures and accessibility barriers in the 
full sample, not stratified by remoteness. 
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 Supplementary File 1 
 
CHILD FACTORS:  
Age at the time of survey was categorised as 4-5, 6-7, and 8-10 years. 
General health: carers were asked, “In general, would you say <study child>’s health is excellent, 
very good, good, fair or poor?”; responses were categorised as poor, fair, or good vs. very good or 
excellent. 
Social and emotional wellbeing was measured using the Strengths and Difficulties Questionnaire 
(SDQ; Copyright Robert Goodman, 1999, UK), designed for children over 3 years of age. Validation 
studies within Indigenous Australian populations have indicated that the Strengths and Difficulties 
Questionnaire is as an acceptable, internally consistent screening tool with good convergent 
validity(1, 2). 
 
Carers were prompted: “The next questions are about <study child>’s behaviour and how <he/she> 
gets along with other people. There are no right or wrong answers and every child is different”. Carers 
responded whether each of 25 statements was “Not true” (coded as 0), “Somewhat true” (coded as 
1), or “Certainly true” (coded as 2) for 25 items(3). The SDQ measures children’s social and emotional 
behaviour across 5 domains: emotional symptoms, conduct problems, hyperactivity, peer problems, 
and prosocial behaviour. Scores are not calculated for children who are missing >2 questions within 
each sub-scale. We analysed the SDQ Total Difficulties Score, which summed scores across the first 
four subscales. The prosocial scale is intended to be analysed separately. Total Difficulty Scores are 
categorised as normal (0 to 13), or moderate (14 to 16) and high (17 to 40) risk of social and emotional 
difficulties(3, 4). 
 
Weight status: LSIC Research Administration Officers measured children’s height and weight using 
Homedics model SC-305-AOU-4209 digital scales and Soehnle professional Model 5003 stadiometers. 
These measurements were used to calculate Body Mass Index z-scores, specific to  age and sex, using 
the World Health Organization international reference(5, 6). Children’s weight status was categorised 
as underweight, normal weight, or overweight/obese according to defined cut-offs(7, 8). To improve 
their validity, these data have been cleaned using an approach based on WHO standards and 
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protocols(8), with additional exclusion of BMI z-score measurements that indicated an extreme 
increase or decrease in BMI between consecutive waves (associated with a change in BMI z-score 
≥4). 
 
FAMILY FACTORS:  
Weekly household income: carers were asked, “How much money do you usually get from ALL 
SOURCES of income IN TOTAL (including that of your partner) AFTER deductions are taken out for 
TAX, quarantined payments etc.)?”, with response options ranging from <$100 per week to $2000 or 
more per week. We categorised income as <$600 per week vs. ≥$600 per week. 
 
Financial strain: Carers were asked, “Which words best describe your family’s money situation?”, 
with possible response options: “we run out of money before payday”; “we are spending more 
money than we get”; “we have just enough money to get us through to the next payday”; “there’s 
some money left over each week but we just spend it”; “we can save a bit every now and then”; “we 
can save a lot”; or “Don’t know”. Responses were categorized as: run out of money (“we run out of 
money before payday” or “we are spending more money than we get”), just enough money (“we 
have just enough money to get us through to the next payday” or “there’s some money left over each 
week but we just spend it”), or can save money (“we can save a bit every now and then” or “we can 
save a lot”). 
 
Serious worries about money: carers were asked, “In the last 12 months has your family had serious 
worries about money?”. Carers responded yes, no, or don’t know. 
 
Food insecurity: carers were asked, “In the last 12 months, have any of these happened to you 
because you were short of money? Went without meals”. Carers responded yes, no, or don’t know. 
 
Carer’s highest qualification: At the second wave of LSIC, the carers were asked to report their 
highest level of educational qualification. This question was repeated in subsequent waves for new 
primary carers only; we used the most recent information provided. 
 
237
Carer’s employment status: carers were asked, “Do you have a job or are you on leave from a job?”. 
Carers were categorised as being employed if they responded: yes (one job only); yes, more than one 
job; or yes, but am currently on leave (e.g. Maternity leave, sick leave, etc.). Carers were categorised 
as not being employed if they responded: no; permanently unable to work; retired; unpaid working 
(e.g. volunteering); or other. Carers were also asked to report the number of hours worked in all jobs. 
If the carer reported being employed but reported doing 0 hours of work, they were recoded as not 
employed. Carers were coded as part-time if they worked >0 and ≤34 hours, and full-time if they 
worked >34 hours. 
 
Humbugging: carers were asked, “In the last 12 months have you or your family been humbugged 
(harassed for money)?”. Carers responded yes, no, or don’t know. 
 
Feeding others: carers were asked, “Lots of people share food. How often do people who don't live 
here, eat here?’ Responses were: everyday, four to six times a week, two to three times a week, once 
a week, once or twice a month, rarely, or never. Responses were categorised as either a few times a 
month or more, or as rarely or never. 
 
Pressures to support others: carers were prompted, “Now I would like to ask you about problems 
that may affect the area where you live. This includes everybody (Indigenous and Non-Indigenous 
people) in your area. Tell me which of these you think are a problem in the area where you live: 
people being pressured to support others.” Carers reported if they perceived no problem (doesn’t 
happen here), a small problem (happens a bit of the time), a big problem (happens a lot of the time), 
or a very big problem (happens all the time) with each. Responses were categorised as not a problem 
(no problem) or small to big problem (small, big, or very big problem). 
 
Carers’ general health:  Carers were asked, “In general, would you say your health is excellent, very 
good, good, fair or poor?” Responses were categorised as poor, fair, or good vs. very good or 
excellent. 
 
Carers’ social and emotional wellbeing: LSIC includes a set of seven questions that can capture 
subjective wellbeing(9). Unfortunately these seven  questions do not capture positive aspects of 
emotional wellbeing, which is an important part of wellbeing. This social and emotional wellbeing 
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index includes questions related to depression (including anger and impulsivity) and anxiety, and can 
provide an indication of the level of negative emotional wellbeing(9). Carers are asked if, in the last 
three months, they: 
1. Have you stopped liking things that used to be fun? 
2. Have you felt like everything is hard work (even little jobs are too much)? 
3. Have you felt so worried that your stomach (tummy) has got upset? 
4. Have you ever felt so worried it was hard to breathe? 
5. Do you get angry or wild real quick? 
6. Have you felt so sad that nothing could cheer you up? Not even your friends made you feel better. 
7. Do you do silly things without thinking that you feel ashamed about the next day? 
Response options were: never (or not much), little bit (or sometimes), fair bit, lots (or lots of times), 
or don’t know. The first two responses were coded as 0 (never of little bit) and the latter two as 1 
(fair bit or lots)(10). Scores for the 7 questions were summed for a total of 0-7, with higher scores 
reflecting better social and emotional wellbeing. Carers were categorised as having a lower distress 
score (score 0-1) or a higher distress score (2-7). 
 
Negative major life events: we examined whether families had experienced a set of 9 major negative 
life events in the past year. These included: carer losing a job, carer leaving the family, children being 
cared for by someone else for more than a week, very sick family member, death of close friend or 
family member, family member with drug or alcohol problem, assault or mugging of close family 
member, family member arrested or jailed or had problem with police, children upset by family 
arguments, or children scared by other people’s behaviour. We categorised the number of negative 
major life events as <3 or 3-9.  
 
Evening meal as a family: carers were asked, “Did you or <Study Child>’s other family members do 
any of the following things with <Study Child> last week: Have dinner together as a family?” 
Responses were yes, no, or don’t know. 
 
Cultural knowledge about bush tucker: carers were asked what elements of Indigenous culture they 
wanted to pass down to their children at their age. They were asked to selecting up to 5 answers 
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from a list, in order of importance: finding bush tucker, hunting and fishing; knowing your country, 
where you are from; knowing your family history and heritage; singing, music and dancing; painting 
or weaving; knowing traditions and ceremonies; speaking your language; family networks; 
storytelling and yarning; having pride in your identity, knowing who you are; showing respect; 
spiritual beliefs; or other. Responses were recoded such that a carers’ first choice received a score of 
5 (e.g. most important), decreasing to 1 for 5th choice and 0 for not selected.  
 
Passing down cultural knowledge about finding bush tucker, hunting and fishing was categorised as 
not important (not picked by carer), somewhat important (3rd-5th choice), very important (1st-2nd 
choice).  
 
Household size: The reported number of people living in the child’s household (ranging from 2-17) 
was categorised as 2-5 or ≥6. 
 
Moved house, overcrowded: carers were asked, “In the last 12 months have you felt too crowded 
where you live, moved house, or had housing problems?” Carers responded yes, no, or don’t know. 
Those that responded yes indicated if they had felt too crowded, moved house, and/or had housing 
problems. 
 
Problems with fridge and/or cooking facilities: in wave 5 of LSIC (collected in 2012), carers were 
asked whether their home had a working fridge, and a working stove, oven, or other cooking facilities. 
We recoded if, in Wave 5, carers reported that they a functioning cooking facilities and fridge, or 
problems with one or both. Because this question was not asked in Wave 6, we used responses from 
Wave 5, but recoded values to missing if the carers reported at Wave 6 that they had moved house 
in the past year.  
 
Major electrical problems or security problems at home: carers were asked, “Does your home have 
any major things that need fixing?” If they responded yes, they were asked to specify “What things 
need fixing?” 
 
Carers selected if they had any “major electrical problems”, and if they had any problems with 
“windows, doors, screens, or locks” (security problems). 
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 Racially-motivated violence, alcohol misuse, and break-ins or theft in the community: carers were 
prompted, “Now I would like to ask you about problems that may affect the area where you live. This 
includes everybody (Indigenous and Non-Indigenous people) in your area. Tell me which of these you 
think are a problem in the area where you live.” Problems included: break-ins, robbery and theft; 
drinking too much grog; and racially-motivated violence; carers reported if they perceived no 
problem (doesn’t happen here), a small problem (happens a bit of the time), a big problem (happens 
a lot of the time), or a very big problem (happens all the time) with each. Responses were categorised 
as not a problem (no problem) or small to big problem (small, big, or very big problem). Carers were 
asked to report whether these were problems in their community; they were not asked to report on 
whether they or their family had personally been affected by these problems. 
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Supplementary File 2 
 
Carers of children in the older cohort were asked to report on their child’s usual fruit and vegetable 
intake; they were asked, ‘how many serves of fruit/vegetables does [study child] usually eat each 
day?’, with response options of 1 serve, 2 serves, 3 serves, 4 serves, 5 serves, 6 serves or more, less 
than one serve, doesn’t eat fruit, other (please specify), and don’t know (see SI Figure 1). 
SI Figure 1: Questions about children’s fruit and vegetable intake used in Wave 6 of LSIC 
 
We observed that carers’ perception of barriers reflected low fruit and vegetable intake by their 
children (see SI Table 1). Reported average daily fruit consumption was significantly lower among 
children whose carers wanted them to eat more fruit (mean 1.39 serves per day, 95%CI:1.24,1.54), 
compared to children whose carers did not want them to eat more fruit (mean 2.45 serves per day, 
95%CI:2.32,2.57). The same pattern was observed for vegetables; children whose carers wanted 
them to eat more vegetables reportedly consumed 1.43 servers of vegetables per day 
(95%CI:1.33,1.57), compared to 2.19 serves of vegetables per day (95%CI:2.05,2.33) for children 
whose carers did not want them to eat more vegetables. Thus, carers’ desire for children to eat more 
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fruit and vegetables can indicate carers who face a barrier to their children eating more fruit and 
vegetables, and serve as a marker of children’s low intake. 
Given potential differences in nutritional awareness by carers’ education or by remoteness, we 
repeated these analyses stratified by the carer’s highest qualification (less than Year 12 versus Year 
12 or more), and by urban/IR vs. remote/OR status. The relationship between carers’ perception of 
barriers and children’s fruit and vegetable intake did not vary by carers’ education or by remoteness: 
within each group, we observed a similar relationship between carers’ perception of barriers and 
children’s fruit and vegetable intake (SI Table 1).  
Although the majority of children met recommendations for fruit intake (1.5 serves for children aged 
4-8 years and 2 serves for children 9-11 years), few children met recommendations for vegetable 
intake (4.5 serves for children aged 4-8 years and 5 serves for children 9-11 years). Among carers who 
did not want their children to eat more vegetables, the mean consumption was 2.19 serves of 
vegetables per day; only 6.47% (n=18/278) of these children met age-specific recommendations. 
Thus, intake of vegetables is still suboptimal for children whose carers do not perceive a barrier; 
however, we can identify carers with particularly low intake by examining carers who do perceive a 
barrier to their child’s intake. 
SI Table 1: Fruit and vegetable intake among older children in LSIC Wave 6, by carers’ desire for 
children to eat more fruit and/or vegetables. 
 Mean number of usual daily serves of fruit [95% CI]  
Mean number of usual daily serves of vegetables 
[95% CI] 
 No barriers Perceived any barrier Total  No barriers 
Perceived any 
barrier Total 
        
Total older 
cohort 2.45 [2.32,2.57] 1.39 [1.24,1.54] 2.11 [2.00,2.22]  2.19 [2.05,2.33] 1.43 [1.33,1.57] 1.86 [1.76,1.96] 
(n) (337) (156) (493)  (278) (217) (495) 
        
Carer’s highest 
qualification        
Less than Year 12  2.44 [2.26,2.62] 1.33 [1.13,1.52] 2.11 [1.95,2.26]  2.24 [2.04,2.43] 1.35 [1.14,1.56] 1.87 [1.72,2.02] 
(n) (171) (73) (244)  (144) (102) (246) 
Year 12 or more 2.44 [2.26,2.63] 1.41 [1.16,1.65] 2.08 [1.91,2.24]  2.09 [1.87,2.32] 1.49 [1.28,1.69] 2.08 [1.91,2.24] 
(n) (135) (74) (209)  (108) (101) (209) 
        
Remoteness        
Urban/IR 2.46 [2.32,2.60] 1.33 [1.16,1.51] 2.11 [1.98,2.23]  2.18 [2.02,2.34] 1.44 [1.28,1.60] 2.11 [1.98,2.23] 
(n) (271) (123) (394)  (224) (172) (394) 
Remote/OR 2.39 [2.13,2.66] 1.61 [1.31,1.90] 2.13 [1.92,2.35]  2.22 [1.95,2.50] 4.4 [1.11,1.69] 1.85 [1.64,2.06] 
(n) (66) (33) (99)  (66) (33) (99) 
The sample includes those with non-missing data on variables of interest. Only carers of children in the older cohort were asked to 
report on the child’s usual fruit and vegetable intake. 
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We explored if the relationship of our exposures to carers’ perception of barriers was similar to the 
relationship of our exposures to children’s low intake of vegetables; consistency of these 
relationships would support our assumption that examining risk factors for barriers would provide 
insight into risk factors for children’s low intake of fruit and vegetables.  
We focused on vegetable intake because there was more variation in intake between children, 
because fewer children met recommendations for intake, and because the qualitative data suggested 
that barriers were particularly predominant for vegetable, compared to fruit, intake. We categorised 
children as having low vegetable intake if their carer reported that they usually consumed <2 servings 
of vegetables per day, and categorised children as having high vegetable intake if their carer reported 
that they usually consumed ≥2 servings of vegetables per day.  
We examined the proportion of carers reporting any barriers, and the proportion of carers reporting 
low vegetable intake, across categories of the exposure variables used in our main analysis. We 
calculated the Prevalence Ratios (Risk Ratios) for the outcome across exposure categories, using a 
multilevel Poisson model with robust variance. A variable to identify children’s geographic cluster 
was included as a level variable to account for the within-cluster correlation resulting from LSIC’s 
design. We adjusted these models first for age and sex only. We observed no material difference in 
the relationship between the exposures and the two outcomes (low vegetable intake and barriers), 
with the confidence intervals for the PRs for the two outcomes overlapping for each exposure group 
(SI Table 2). 
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SI Table 2: Factors associated with low vegetable intake and carers’ perception of any barriers to 
intake, among children in the older cohort 
  Older cohort 
  Perception of any barrier(s)   Low vegetable intake 
  % (n/N) PR [95%CI]   % (n/N) PR [95%CI] 
TOTAL 49.3 (244/495) -- --   45.5 (227/499) -- -- 
CHILD FACTORS                   
Sex *                   
 Male 50.8 (124/244) 1     50.8 (124/244) 1   
 Female 47.8 (120/251) 0.94 [0.78,1.13]   40.6 (102/251) 0.81 [0.69,0.97] 
Age group                   
 4-5 years -- -- -- --   -- -- -- -- 
 6-7 years 57.1 (4/7) 1.16 [0.62,2.15]   57.1 (4/7) 1.25 [0.70,2.23] 
 8-10 years 49.2 (240/488) 1     45.5 (222/488) 1   
Indigenous identification                   
 Aboriginal 50.7 (220/434) 1     44.9 (195/434) 1   
 Torres Strait Islander 39.5 (15/38) 0.78 [0.55,1.11]   47.4 (18/38) 1.08 [0.72,1.62] 
 Both 39.1 (9/23) 0.77 [0.48,1.26]   56.5 (13/23) 1.25 [0.84,1.85] 
General physical health †                   
 Poor, fair, or good 59.0 (79/134) 1     45.5 (61/134) 1   
 Very good or excellent 45.7 (165/361) 0.77 [0.65,0.93]   45.7 (165/361) 1.00 [0.82,1.22] 
Social and emotional wellbeing                   
 High risk of difficulties 48.6 (53/109) 1     51.4 (56/109) 1   
 Low risk of difficulties 49.2 (189/384) 1.02 [0.83,1.26]   44.3 (170/384) 0.90 [0.74,1.08] 
BMI category †                   
 Overweight or obese 46.1 (76/165) 1     40.6 (67/165) 1   
 Normal weight 56.4 (123/218) 1.23 [1.00,1.51]   46.8 (102/218) 1.13 [0.88,1.45] 
 Underweight ≤27.3 (≤3/11) 0.39 [0.10,1.50]   63.6 (7/11) 1.57 [0.94,2.64] 
FAMILY FACTORS                   
Carer's general physical health                   
 Poor, fair, or good 49.8 (148/297) 1     45.1 (134/297) 1   
 Very good or excellent 48.5 (96/198) 0.97 [0.81,1.16]   46.5 (92/198) 1.05 [0.86,1.28] 
Carer's social and emotional wellbeing                   
 High distress 55.4 (51/92) 1     52.2 (48/92) 1   
 Low distress 47.9 (191/399) 0.86 [0.70,1.07]   44.1 (176/399) 0.86 [0.67,1.11] 
Negative major life events in past year                   
 3-9 48.3 (83/172) 1     43.0 (74/172) 1   
 <3 49.8 (161/323) 1.04 [0.80,1.34]   47.1 (152/323) 1.11 [0.88,1.40] 
Carer is partnered                   
 No 47.8 (110/230) 1     48.3 (111/230) 1   
 Yes 50.6 (134/265) 1.06 [0.87,1.28]   43.4 (115/265) 0.89 [0.72,1.09] 
Weekly household income                   
 <$600 49.7 (81/163) 1     46.6 (76/163) 1   
 ≥$600-$999 49.0 (141/288) 0.99 [0.80,1.22]   44.8 (129/288) 0.96 [0.75,1.22] 
Financial strain                   
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 Run out of money 50.9 (29/57) 1     38.6 (22/57) 1   
 Just enough money 53.3 (114/214) 1.06 [0.83,1.34]   44.9 (96/214) 1.21 [0.81,1.83] 
 Can save money 44.8 (100/223) 0.89 [0.70,1.13]   48.0 (107/223) 1.27 [0.83,1.95] 
Worried about money in past year                   
 Yes 45.4 (64/141) 1     44.0 (62/141) 1   
 No 51.0 (179/351) 1.13 [0.91,1.40]   46.4 (163/351) 1.09 [0.87,1.38] 
Went without meals in past year                   
 Yes 52.4 (11/21) 1     47.6 (10/21) 1   
 No 49.1 (231/470) 0.94 [0.62,1.41]   45.3 (213/470) 0.97 [0.61,1.53] 
Carer's employment status                   
 Not employed 44.3 (116/262) 1     43.9 (115/262) 1   
 Employed part-time 56.1 (64/114) 1.26 [1.05,1.53]   50.0 (57/114) 1.11 [0.87,1.42] 
 Employed full-time 50.9 (56/110) 1.14 [0.92,1.42]   45.5 (50/110) 1.01 [0.78,1.30] 
Carer’s highest qualification †                   
Less than Year 12 46.3 (114/246) 1     47.2 (116/246) 1   
Year 12 and beyond 55.0 (115/209) 1.18 [1.02,1.38]   46.9 (98/209) 0.98 [0.80,1.18] 
Humbugged in past year                   
 Yes 50.7 (70/138) 1     45.7 (63/138) 1   
 No 48.7 (174/357) 0.97 [0.81,1.15]   45.7 (163/357) 1.03 [0.80,1.31] 
Pressured to support others in the community                   
 Small or big problem 55.7 (64/115) 1     43.5 (50/115) 1   
 Not a problem 48.0 (160/333) 0.86 [0.68,1.10]   43.8 (146/333) 1.01 [0.78,1.33] 
Feed others who don’t live at home                   
 A few times a month or more 51.9 (149/287) 1     46.3 (133/287) 1   
 Rarely or never 45.7 (95/208) 0.88 [0.72,1.08]   44.7 (93/208) 0.97 [0.78,1.19] 
Had dinner as a family in past week *                   
 No 58.3 (14/24) 1     62.5 (15/24) 1   
 Yes 48.8 (229/469) 0.83 [0.67,1.03]   44.6 (209/469) 0.71 [0.51,1.00] 
Cultural knowledge about bush tucker                   
 Not important 51.1 (168/329) 1     46.5 (153/329) 1   
 Somewhat important 43.6 (48/110) 0.85 [0.68,1.06]   39.1 (43/110) 0.83 [0.65,1.07] 
 Very important 50.0 (28/56) 0.98 [0.72,1.33]   53.6 (30/56) 1.15 [0.84,1.58] 
Total number of people in household *                   
 2-5 52.3 (159/304) 1     51.6 (157/304) 1   
 ≥6 44.5 (85/191) 0.85 [0.73,1.00]   36.1 (69/191) 0.71 [0.57,0.88] 
House felt too crowded in past year                   
 Yes 53.2 (33/62) 1     40.3 (25/62) 1   
 No 48.6 (210/432) 0.91 [0.69,1.21]   46.5 (201/432) 1.16 [0.85,1.58] 
Moved house in past year                   
 Yes 42.2 (35/83) 1     39.8 (33/83) 1   
 No 50.6 (208/411) 1.20 [0.93,1.55]   47.0 (193/411) 1.19 [0.92,1.53] 
Problem with fridge and/or cooking facilities                   
 Yes 52.0 (13/25) 1     32.0 (8/25) 1   
 No 50.7 (174/343) 0.98 [0.71,1.35]   48.4 (166/343) 1.52 [0.81,2.85] 
Electrical problems at home                   
Yes 48.5 (16/33) 1     39.4 (13/33) 1   
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No 49.2 (227/461) 1.02 [0.66,1.59]   46.0 (212/461) 1.19 [0.75,1.87] 
Security problems at home                   
Yes 56.1 (32/57) 1     43.9 (25/57) 1   
No 48.3 (211/437) 0.86 [0.63,1.18]   45.8 (200/437) 1.06 [0.77,1.47] 
AREA-LEVEL FACTORS                   
Racially-motivated violence                   
 Small or big problem 51.9 (42/81) 1     49.4 (40/81) 1   
 Not a problem 49.2 (188/382) 0.94 [0.72,1.24]   43.2 (165/382) 0.88 [0.66,1.18] 
Alcohol misuse †                   
 Small or big problem 53.5 (121/226) 1     50.0 (113/226) 1   
 Not a problem 44.7 (113/253) 0.82 [0.69,0.99]   40.7 (103/253) 0.80 [0.63,1.02] 
Break-ins or theft                   
 Small or big problem 51.3 (118/230) 1     48.7 (112/230) 1   
 Not a problem 46.8 (111/237) 0.91 [0.74,1.11]   41.8 (99/237) 0.86 [0.69,1.07] 
Area-level disadvantage                   
 Least advantaged 56.4 (44/78) 1.0     47.4 (37/78) 1   
 Mid-advantaged 48.0 (153/319) 0.84 [0.63,1.14]   45.1 (144/319) 0.92 [0.65,1.31] 
 Most advantaged 48.0 (47/98) 0.85 [0.62,1.17]   45.9 (45/98) 0.96 [0.67,1.37] 
Remoteness                    
 None 50.7 (68/134) 1     53.0 (71/134) 1   
 Low 49.6 (130/262) 0.98 [0.79,1.21]   43.9 (115/262) 0.82 [0.61,1.12] 
 Moderate 36.0 (18/50) 0.70 [0.43,1.14]   38.0 (19/50) 0.70 [0.47,1.03] 
 High/extreme 57.1 (28/49) 1.14 [0.81,1.61]   42.9 (21/49) 0.85 [0.56,1.29] 
The sample includes those with data on both outcomes, and the exposure of interest. All models are adjusted for age 
group and sex, and take into account the clustered nature of the dataset.  
* Variable significantly associated with children’s low vegetable intake (p-value for Wald test <0.05).  
† Variable significantly associated with carers reporting any barriers (p-value for Wald test <0.05). 
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SI Table 3: Factors associated with accessibility barriers to children’s fruit and vegetable intake 
  Accessibility barriers 
        Adjusted for age and sex   
Adjusted for age, 
sex, and 
remoteness 
  % (n/N)   PR [95%CI]   PR [95%CI] 
TOTAL 7.4 (91/1,230)   -- --   -- -- 
CHILD FACTORS                 
Sex                 
 Male 7.3 (45/616)   1     1   
 Female 7.5 (46/614)   0.85 [0.60,1.21]   0.85 [0.61,1.20] 
Age group                 
 4-5 years 8.4 (23/275)   1     1   
 6-7 years 7.7 (36/467)   0.93 [0.62,1.41]   0.9 [0.59,1.37] 
 8-10 years 6.6 (32/488)   0.8 [0.55,1.16]   0.78 [0.53,1.16] 
Indigenous identification                 
 Aboriginal 7.7 (82/1070)   1     1   
 Torres Strait Islander ≤3.4 (≤3/87)   0.8 [0.21,3.14]   0.34 [0.08,1.54] 
 Both 8.2 (6/73)   1.33 [0.57,3.11]   0.76 [0.31,1.87] 
General physical health *†                 
 Poor, fair, or good 16.8 (51/304)   1     1   
 Very good or excellent 4.3 (40/926)   0.58 [0.38,0.89]   0.65 [0.43,0.96] 
Social and emotional wellbeing 
*†                 
 High risk of difficulties 12.8 (36/281)   1     1   
 Low risk of difficulties 5.8 (55/946)   0.61 [0.39,0.93]   0.59 [0.38,0.92] 
Body Mass Index category                 
 Overweight or obese 5.6 (22/391)   1     1   
 Normal weight 9.0 (52/575)   1 [0.71,1.41]   0.94 [0.67,1.30] 
 Underweight ≤16.7 (≤3/18)   1.01 [0.36,2.82]   0.83 [0.30,2.31] 
FAMILY FACTORS                 
Carer's general physical health                 
 Poor, fair, or good 9.6 (68/705)   1     1   
 Very good or excellent 4.2 (22/524)   0.65 [0.39,1.06]   0.67 [0.40,1.11] 
Carer's social and emotional wellbeing               
 High distress 9.1 (22/242)   1     1   
 Low distress 7.1 (69/978)   0.79 [0.50,1.27]   0.75 [0.46,1.20] 
Negative major life events in past year †               
 3-9 10.6 (41/387)   1     1   
 <3 5.9 (50/842)   0.77 [0.59,1.01]   0.76 [0.58,0.99] 
Carer is partnered †                 
 No 7.3 (40/549)   1     1   
 Yes 7.5 (51/681)   0.76 [0.52,1.11]   0.76 [0.52,1.11] 
Weekly household income *†                 
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 <$600 13.6 (61/447)   1     1   
 ≥$600 3.2 (22/685)   0.55 [0.34,0.88]   0.59 [0.36,0.94] 
Financial strain †                 
 Run out of money 15.1 (21/139)   1     1   
 Just enough money 8.8 (46/521)   0.74 [0.46,1.21]   0.71 [0.43,1.17] 
 Can save money 4.3 (24/564)   0.43 [0.22,0.85]   0.36 [0.17,0.77] 
Worried about money in past year               
 Yes 6.9 (23/331)   1     1   
 No 7.6 (68/893)   0.85 [0.58,1.25]   0.75 [0.50,1.12] 
Went without meals in past year *†               
 Yes 30.6 (22/72)   1     1   
 No 6.0 (69/1151)   0.50 [0.32,0.78]   0.49 [0.31,0.77] 
Carer’s employment status                 
 Not employed 8.4 (62/735)   1     1   
 Employed part-time 6.7 (16/238)   0.88 [0.59,1.31]   0.92 [0.62,1.36] 
 Employed full-time 5.1 (12/234)   0.74 [0.47,1.18]   0.71 [0.44,1.15] 
Carer’s highest qualification                 
Less than Year 12 9.0 (58/641)   1     1   
Year 12 and beyond 5.9 (29/491)   0.95 [0.67,1.35]   0.95 [0.67,1.34] 
Humbugged in past year *†                 
 Yes 15.1 (51/338)   1     1   
 No 4.5 (40/890)   0.52 [0.33,0.83]   0.53 [0.34,0.83] 
Pressured to support others in the community *†             
 Small or big problem 18.5 (55/298)   1     1   
 Not a problem 3.5 (29/826)   0.39 [0.20,0.74]   0.46 [0.25,0.83] 
Feed others who don’t live at home               
 A few times a month or more 8.4 (60/713)   1     1   
 Rarely or never 5.8 (30/515)   0.81 [0.59,1.11]   0.81 [0.58,1.12] 
Had evening meal as a family in past week *               
 No 8.2 (5/61)   1     1   
 Yes 7.4 (86/1164)   0.49 [0.26,0.92]   0.61 [0.32,1.14] 
Cultural knowledge about bush tucker *†               
 Not important 3.1 (25/810)   1     1   
 Somewhat important 11.9 (32/270)   1.9 [1.16,3.12]   1.43 [0.88,2.33] 
 Very important 22.8 (34/149)   3.08 [1.74,5.44]   2.34 [1.38,3.99] 
Total number of people in household               
 2-5 5.3 (40/750)   1     1   
 ≥6 10.6 (51/480)   1.07 [0.68,1.69]   1.02 [0.64,1.62] 
House felt too crowded in past year               
 Yes 12.7 (19/150)   1     1   
 No 6.6 (71/1073)   0.7 [0.36,1.38]   0.68 [0.33,1.36] 
Moved house in past year                 
 Yes 7.3 (17/233)   1     1   
 No 7.4 (73/990)   1.03 [0.73,1.44]   0.99 [0.70,1.39] 
Problem with fridge and/or cooking facilities †             
 Yes 21.5 (14/65)   1     1   
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 No 5.4 (44/810)   0.6 [0.35,1.03]   0.62 [0.35,1.10] 
Electrical problems at home *†                 
Yes 21.7 (15/69)   1     1   
No 6.6 (76/1158)   0.66 [0.48,0.91]   0.63 [0.45,0.90] 
Security problems at home *†                 
Yes 21.5 (29/135)   1     1   
No 5.7 (62/1092)   0.63 [0.41,0.96]   0.63 [0.41,0.96] 
AREA-LEVEL FACTORS                 
Racially-motivated violence *†                 
 Small or big problem 9.0 (16/177)   1     1   
 Not a problem 7.1 (68/957)   0.55 [0.31,0.95]   0.5 [0.27,0.91] 
Alcohol misuse *†                 
 Small or big problem 12.4 (72/579)   1     1   
 Not a problem 2.8 (17/616)   0.39 [0.22,0.70]   0.46 [0.27,0.80] 
Break-ins or theft                 
 Small or big problem 8.9 (52/587)   1     1   
 Not a problem 6.2 (36/581)   0.79 [0.56,1.12]   0.77 [0.55,1.08] 
Area-level disadvantage *†                 
 Least advantaged 31.6 (68/215)   1     1   
 Mid-advantaged 2.7 (20/754)   0.12 [0.06,0.24]   0.18 [0.07,0.45] 
 Most advantaged ≤1.1 (≤3/261)   0.05 [0.01,0.15]   0.08 [0.02,0.33] 
Remoteness *                 
 None 2.0 (7/348)   1     -- -- 
 Low 3.4 (21/620)   1.62 [0.55,4.82]   -- -- 
 Moderate 17.7 (28/158)   7.11 [2.18,23.22]   -- -- 
 High/extreme 33.7 (35/104)   14.1 [4.26,46.42]   -- -- 
All models take into account the clustered nature of the dataset.  
* Variable significantly associated with accessibility barriers in model adjusted for age group and sex (p-value for Wald test <0.05).  
† Variable significantly associated with accessibility barriers in model adjusted for age group, sex, and remoteness (p-value for Wald 
test <0.05). 
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